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Abstract 
Growth, protein utilization and metabolic response were assessed in golden-line 
sea bream {Sparus sarba) acclimated to one of three different salinities (35ppt/seawater, 
15ppt and 7ppt) and fed one of six levels of dietary protein (30-55%) for a period of 45 
days. The results indicated that the golden-line sea bream is a characteristically 
euryhaline fish, surviving for 45 days in all three salinities without obvious signs of 
distress. Serum Na+ and C1' levels remained largely unaffected by a reduction in the 
salinity to 15ppt while further reductions to 7ppt resulted in slightly lower levels. A 
degree of muscle tissue hydration occurred in most of the fish groups acclimated to both 
15ppt and 7ppt, but white muscle tissue hypomineralization did not occur in any of the 
fish groups at any salinity. Circulating Cortisol levels were also unaffected by a salinity 
change. Growth in seawater fish and 15ppt-adapted fish increased with increasing dietary 
protein levels up to and including 55%. Growth rate in 7ppt-adapted fish peaked at a 
dietary protein level of 35% and then decreased with any further increase in dietary 
protein. Food conversion ratio displayed an inversely proportional relationship to growth 
rate. Protein efficiency ratio increased and decreased with increments in dietary protein 
content in 15ppt acclimated and seawater fish respectively, indicating a shift in the 
amount of available dietary energy. Oxygen consumption rates displayed a propensity 
towards reduction in 15ppt-adapted fish suggesting a reduced metabolic cost of 
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osmoregulation, while ammonia excretion rates also showed a tendency to be lower in 
15ppt-adapted fish, indicating a reduction in protein catabolism. Circulating glucose 
levels decreased with increasing levels of dietary protein (decreasing levels of dietary 
carbohydrate) in seawater fish and Tppt-adapted fish. This trend was not apparent in 
15ppt-adapted fish which tended to display serum glucose levels that were largely 
unaffected by dietary protein incorporation (carbohydrate incorporation). This coupled 
with an increase in hepatic hexokinase activity and reduction in hepatic glucose-6-
phosphatase activity suggests a shift from a typical carnivorous teleost strategy of high 
gluconeogenic activity, to a less typical strategy of high glycolytic activity. Hepatic 
glucose-6-phosphate dehydrogenase was unaffected by salinity. Hepatic lipid levels were 
higher in 7ppt-adapted fish than in seawater or 15ppt-adapted fish suggesting a more 
frugal use of lipid as a metabolic substrate for energy. The groups that displayed the 
worst growth rates were those adapted to 7ppt and fed high protein rations (50 and 55%). 
High levels of circulating ammonia and a-amino acids coupled with low levels of 
circulating protein, glucose, CI", Ca^^ and lipid would seem to indicate a degree of 
osmotically related stress in these groups. This is further supported by enhanced activity 
of glucose-6-phosphatase and low levels of serum thyroxine found present in the same 
fish. Intestinal proteolytic enzyme activity, in the form of trypsin, appeared to be 
stimulated with increasing incorporation of dietary protein in fish held in all three 
salinities. Intestinal trypsin activities in fish held in a salinity of 7ppt displayed a 
tendency to increase. The same two trends, pertaining to dietary protein level and salinity 
adaptation, were also noted to occur with regard to intestinal a-amylase activity. This 
• • 
11 
would seem to indicate that specific nutrient digestion may be enhanced in salinities that 
induce a reduction in the drinking rate of marine teleosts. Total dietary digestibility 
increased in all salinities as dietary protein levels increased. 
The results seem to indicate that the culture of golden-line sea bream in 
intermediate/isotonic salinities would be a beneficial strategy, not only in terms of growth 
but also with respect to a more efficient use of dietary protein, and as such would lead 
to a more cost effective approach to the problems of fishfeed protein supply. 
• • « 
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Chapter 1 Introduction 
World aquaculture production in 1990 reached some 15 million tonnes, and 
predictions indicate that future production will reach 62.4 million tonnes by 2025 
(Hempel, 1993). While seaweeds, molluscs and freshwater finfish make up the 
majority of these figures, high-value marine finfish are becoming of increasing 
aquacultural importance. For the most part, this is due to a plateauing of 
conventional, capture fisheries, supply and as demand for seafood will continue to 
rise, most, if not all, future seafood supplies will have to come from aquaculture. 
This is reflected in the current level of research in the aquacultural field, which is 
enjoying a boom unlike that seen before. In The Chinese University of Hong Kong 
alone research interests range from the development of "fish-factory" style re-
circulating seawater systems to elucidating many aspects of penaeid larval biology 
(Woo etal, 1994). 
As stated previously, high-value marine fish are becoming of increasing 
economic importance in the aquacultural industry. Primarily these are salmonids or 
various diadromous species. However, other species, in particular those belonging to 
the super-family Percoidae, are beginning to make an impact (New, 1986). Species 
such as the grouper {Epinephelus spp.) European sea bass (Dicentrarchus labarax), 
red sea bream {Chrysophrys major), gilthead sea bream (Sparus aurata) and yellowtail 
{Seriola quinqueradiata) already command a great degree of attention in southeast 
Asia, Japan and the Mediterranean. As food accounts for the greatest proportion of 
post-larval rearing costs, nutritional adequacy and cost effectiveness are phrases that 
could be considered synonymous with commercial success (New, 1986). The optimal 
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growth of fish, however, may be further enhanced if a complete understanding of 
how the fish reacts to manipulations in its culture regime is available. One aspect of 
this kind of approach may be the manipulation of the environmental physiology of the 
fish, and when dealing with marine and brackishwater species, salinity is a parameter 
which sports great promise. The allocation of energy for osmoregulatory purposes is 
a neccessary step when a fish is in an environment that greatly differs from its 
internal milleau. In fish that display a degree of euryhalinity this allocation, in theory, 
could prove to be quite wasteful as the fish may display an ability to survive 
unaffected in a salinty that is more akin to its internal environment while the energy 
normally allocated for osmoregulatory purposes can be re-allocated in a manner that 
enhances growth performance. Indeed, changes in the salinity of a surrounding 
medium may not only liberate energy to be used for growth purposes, but may also 
induce changes in the intermediate metabolism of the fish that positively promote this 
phenomenon. The theory of a diminished metabolic cost of osmoregulation has been 
proposed by several authors (Canagaratnam, 1966; Lotan, 1966; Febry and Lutz, 
1987), however most studies conducted, with regard to its feasibility, have been 
carried out on euryhaline fish species that are essentially freshwater in origin. This 
would seem surprising as many marine teleosts, regardless of their normal ecological 
preference for habitat, display a great degree of euryhalinity (see Wu and Woo, 
1983). As it stands at the moment the literature regarding the effects of salinity 
adaptation on selected teleost species is extremely controversial (see Chapter 2, Part 
B), and without further contributions from the marine sector, an overall picture will 
never be available. 
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The golden-line sea bream (Sparus sarba) belongs to the family Sparidae. 
Sparids occur in temperate and tropical waters of all oceans, and are usually 
concentrated along the shore in shallow water, some entering and living in estuaries 
while a few penetrate deeper water (Smith and Smith, 1986). The family is 
characterized by a laterally compressed body, bearing quite large ctenoid scales, one 
long spined dorsal fin, a spined anal fin, soft rayed ventral fins located under the 
pectoral fins and a forked tail fin. The Sparidae are equipped with powerful teeth and 
molars which facilitate the crushing of shells and various invertebrates, a major 
component of the families natural diet (Korringa, 1976). S. sarba itself is most 
certainly a carnivorous fish, eating mostly crustaceans, molluscs and small fish (Smith 
and Smith, 1986). 
A number of sparid species are highly regarded as food fish. The red sea 
bream {Chrysophrys major), is the second most commonly cultured marine fish in 
Japan (Foscarini, 1988) with efforts to rear this species, artificially, starting as early 
as 1887 (Korringa, 1976). The black sea bream (Mylio macrocephalus), although less 
prestigious than Chrysophrys major is also assuming a more important role in 
Japanese maricultural practices due to its relatively hardier nature. The yellow-finned 
black sea bream, Acanthopagrus latus and the silvery sea bream A, cuvieri are among 
the important food fishes of the Indo-West Pacific region and are both considered to 
be potential organisms for mariculture (Abu-Hakima, 1984). In Europe, particularly 
in the Mediterranean region the gilthead sea bream, Sparus auarta is becoming of 
increasing importance and as such is being subjected to a wide range of aquaculturally 
related research (see Tandler et al 1982; Klaoudatos and Apostolopoulos, 1986; 
Kissil and Koven, 1987; Tandler et al.’ 1989; Barnab6, 1990). 
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Despite local and regional popularity, and possibly as a result of the well 
documented techniques available for other species of sea bream, Spams sarba has 
been subject to very little investigation (for recent papers see Huang and Hu 1990, 
1991 a and b). S. sarba has been shown to tolerate salinities down to 5ppt, for 
relatively short periods of time (Wu and Woo, 1983). It is therefore evident that 5. 
sarba displays a degree of euryhalinity (this is further supported by work conducted 
on Chrysophrys major (Woo and Fung, 1981), Mylio macrocephalus (Woo and Wu, 
1982) and Spams aurata (Tort et al.’ 1994; Altimiras et al, 1994) where all three 
species are shown to display euryhaline characteristics). This coupled with the fact 
that the specifics of its nutritional requirements, in particular its protein requirement, 
are not available it assumed the role of a suitable test species. The aims of the 
research are as follows: (1) to elucidate the optimal protein requirement of S. sarba 
and gain some insight into the nutritional physiology of the fish at varying dietary 
protein rations, (2) to assess if a diminished metabolic cost of osmoregulation occurs 
in this species of marine teleost, and if so (3) to assess if a diminished metabolic cost 
of osmoregulation in an isosmotic salinity would promote growth, and if growth 
promotion occurs, whether it involves any alterations in the intermediate metabolism 
of the fish. 
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Chapter 2 Review of the literature 
Part A : Nutritional requirements of fish and performance assessment 
A2.1. Introduction 
Nutritional studies have demonstrated that any diet in order to promote growth 
must include an energy source, essential amino acids, essential fatty acids, vitamins 
and minerals (Weatherley and Gill, 1987). Nutrition supplies the raw materials for 
the maintenance of life, some materials being used for the formation of body tissues 
and some for the production of energy (Phillips, 1969). The relationship between fish, 
food and ultimately fish growth is a complex one with factors such as temperature, 
light, salinity, activity and behaviour, fish size, feeding regime, starvation, appetite, 
stress and type of food all interacting to affect the final outcome (Talbot, 1985). This 
final outcome in an aquacultural scenario is output or production, which, in order to 
be maximized, would have to approach an optimal point. The present section of this 
review will attempt to summarize the relative contributions and importance of the five 
nutrient groups (proteins, lipids, carbohydrates, vitamins and minerals) with regard 
to fish growth and will outline the importance of these studies as one facet that will 
lead to a more cost efficient fish culture industry. 
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A2.2 Dietary protein requirement 
In animal tissues protein is the basic component. It is an essential nutrient for 
both maintenance and growth. Protein functions may be summarized as follows 
(Tacon, 1990): (1) to repair worn or wasted tissue and to rebuild new tissue, (2) to 
be catabolized as a source of energy, or serve as a substrate for the formation of 
tissue carbohydrates or lipids and (3) to form hormones, enzymes and a wide variety 
of other biologically important substances such as antibodies. 
The dietary protein requirement of a fish was first investigated in Chinook 
salmon (Oncoryhnchus tshawytscha) by DeLong et al. (1958). The techniques used 
in the study were modified and extrapolated from techniques developed for 
investigating the nutritional requirements of terrestrial farm animals. The 
methodology employed by DeLong et al. (1958) is still largley used today. Fish were 
fed a balanced diet containing graded levels of protein. Measurements pertaining to 
growth were recorded at time intervals and the fish that displayed the best growth, 
over a period of time, were assumed to be receiving the optimal protein ration. When 
defined as the relative protein concentration in a diet required for maximum growth 
(Bowen, 1987) it is generally accepted that fish have a high dietary protein 
requirement, ranging from 24 to 50% (see Table 2.1) and sometimes higher. 
A2.2.1 Factors affecting dietary protein requirement 
The capacity of fish to synthesize protein de novo from carbon skeletons is 
limited, and most of the protein must, therefore, be supplied through the diet 
(Hepher, 1988). The optimum level of protein in fish diets is influenced by 
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Table 2.1 Dietary protein requirement of selected fish species. 
Species Protein requirement Reference 
(% dry diet) 
Chinook salmon 39 DeLong et al. (1958) 
{Oncotynchus tschawytscha) 
European eel 45 Bilio et al (1979) 
(Anguilla anguilld) 
Japanese eel 44 Robinson (1989) 
(Anguilla japonica) 
Tilapia 
{Oreochromis niloticus x 24 Shiau and Huang (1989) 
Oreochromis aureus) 
{Oreochromis urolepis hornorum x 20-30 Clark et al. (1990) 
Oreochromis mossambicus) 
{Oreochromis niloticus) 25-34 De Silva et al. (1989a); Wang et al (1985) 
{Oreochromis aureus) 34 De Silva et al. (1989b) 
{Oreochromis mossambicus) 34-40 Jauncey (1982); De Silva et al. (1989b) 
(Tilapia zilli) 30-35 De Silva et al (1989b); Mazid et “1.(1979) 
Carp 
(Cyprinus carpio) 31-38 Robinson (1989) 
{Aristichthys nobilis) 30 Santiago and Reyes (1991) 
{Ctenophatyngodon idella) 41-43 Dabrowski (1977) 
Shingi 28-35 Akand et al (1989) 
{Heteropneustes fossilis) 
Catfish 
(Ictalurus punctatus) 25-36 Tucker and Robinson (1990) 
(Clarias gariepinus) 40-49 Machiels and Henken (1985); Degani et al (1989) 
(Clarias batrachus) 30 Chuapoehuk (1987) 
{Mystus nemurus) 42 Khan et al. (1993) 
White sturgeon 38-43 Moore et «/.(1988) 
(Acipenser transmontanus) 
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Table 2.1 continued: Dietary protein requirement of selected fish species. 
Species Protein requirement Reference 
(% dry diet) 
Arctic chart 44-54 Tabachek (1986) 
{Salvelinus alpinus) 
Rabbit fish 35 Parazo (1990) 
{Siganus guttatus) 
Gilthead bream 40 Sabat and Luquet (1973) 
{Chrysophrys auratd) 
Japanese parrot fish 45 Ikeda et al, (1988) 
{Oplegnathus fasciatus) 
Puffer fish 50 Kanazawa et al (1980) 
(Fugus rubripes) 
Red drum 35-44 Daniels and Robinson (1986) 
{Sdaenops ocellatus) 
Plaice 50 Cowey et al. (1972) 
{JPleuronectes platessa) 
Yellowtail 50 Takeuchi et al. (1992) 
(Seriola quinqueradiata) 
several factors (Lovell, 1980; Steffens, 1981; Tacon and Cowey, 1985): (1) protein 
quality, (2) nonprotein energy substitutes in the diet, (3) protein energy to total 
energy ratio, (4) size/age of fish, (5) feeding rate, (6) natural food, (7) economics and 
(8) environmental factors. 
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A2.2.1.1 Protein quality 
Fish, like other animals require a well balanced mixture of essential and 
nonessential amino acids (Wilson, 1985). If a protein source is of inadequate quality, 
limiting in one or more essential amino acid, poor growth usually results (Nose et al, 
1974; Ketola, 1982; Santiago and Lovell, 1988). The closer the essential amino acid 
(EAA) profile, of a feed protein, resembles the carcass of the fish it will be used to 
feed, the better its quality (Nose, 1979; Ogino and Hanri, 1980; Ogino, 1980; 
Pongmaneerat and Watanabe, 1991). For this reason a heavy dependence on fishmeal 
exists regarding diets for high density fish production (Cowey and Sargent, 1979). 
A2.2.1.2 Nonprotein energy 
Fish eat to satisfy their energy requirements (Cowey and Sargent, 1979). 
Nonprotein energy can have a protein sparing effect in fish diets. By replacing a 
fraction of the protein ration in a diet with another source of dietary energy, such as 
lipid or carbohydrate, protein would be more efficiently used for growth as opposed 
to energetical purposes (Watanabe et al•’ 1979; Zeitler et al. 1984; Beamish and 
Medland, 1986; Degani and Viola, 1987). However in these studies excess energy 
leads to an increase in body fat. Though fat can be deposited as a result of excess 
energy from proteinaceous sources, the conversion of carbohydrates and dietary lipids 
to body fat seems to be easier (Hepher, 1988). Fish fed diets rich in carbohydrate and 
lipid deposit more fat than those fed diets rich in protein (Zeitler et al, 1984; Degani 
and Viola, 1987). 
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A2.2.1.3 Protein energy to total energy ratio 
Protein acts both as a nutrient and an energy source (Panadian and 
Vivekanandan, 1985). As fish are eating to satisfy their metabolic energy requirement 
they will cease to feed when their caloric needs are satisfied. This will result in low 
consumption of high energy diets and high consumption of low energy diets (Lovell, 
1980). Too much non-proteinaceous energy in a diet will result in fish consuming 
levels of protein that fall short of their daily need for optimal growth. Gatlin et al. 
(1986) showed that for channel catfish (Ictalurus punctatus) maximum growth was 
achieved by fish fed 99.75 kcal kg] dayi with the highest growth rates being 
displayed in those fish fed a 25% protein diet as opposed to a 35% protein diet. The 
experiment also showed that at a typical feeding rate (3% body weight day^) the 
protein requirement for maximum growth could be reduced from between 32-36% to 
around 29% crude protein. However, as previously discussed, diets with low protein 
energy to total energy have a tendency to cause an increase in carcass fat deposition 
(Zeitler et al 1984; Gatlin et al 1986). The body compsition of hybrid striped bass 
{Morone chrysops 9 x M. saxatilis 6) changed in a variety of ways when the dietary 
energy to protein ratio was increased: (1) weight gain decreased, (2) intraperitoneal 
fat to body weight ratio increased, (3) hepatosomatic index (HSI) increased, (4) 
muscle to body weight ratio decreased, whole body protein content decreased, (6) 
whole body lipid content increased, (7) liver dry matter and glycogen increased, while 
protein and lipid levels decreased (Nematipour et aL, 1992). 
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A2.2.1.4 Fish size/age 
The size and age of a fish influences the energy required for basal metabolism. 
The metabolic rate of small fish is greater than that of large fish (Schaeperclaus, 
1933, in Phillips, 1969). The protein requirement of a small, fast growing fish is 
greater than that of an older fish approaching marketable size due to the former's 
greater scope for growth. Recommendations for the complete feeding regime of 
Atlantic salmon (Salmo salar) ranges from 54% protein at 1.4 to 6.5% body 
weight/day for first feeding fry (0 to 0.5g) to 46% protein at 0.4 to 1.7% body 
weight/day for market size fish (250 to 400g) (Tyrell, Byford and Pallet Ltd., 
Norfolk, England. 1985 in Tacon, 1990). In line with this channel catfish (Ictalurus 
punctatus) fry are often fed trout starter rations containing about 50% protein. The 
protein percentage is reduced as the fish grow. By the time the fish are a few weeks 
of age they are placed on a typical catfish ration containing about 30% protein 
(Stickney, 1979). 
A2.2.1.5 Feeding rate 
The feeding rate of fish will greatly affect protein requirement. 
Recomendations for the complete dietary feeding regimes and allowances for rainbow 
trout {Oncoryhnchus mykiss) range from 2.1 to 6.3% body weight ration/day (fish 
size 0 to 0.5g; feed size 0.5 to 0.8mm diameter granule) in 18 feeds/day at a protein 
level of 53%, to 0.5 to 1.3% body weight/day (fish size 1kg plus; feed size 9.6mm 
1 1 
diameter pellet) in 2 feeds/day at a protein level of 45% (Tyrell, Byford and Pallet 
Ltd., Norfolk, England. 1985 in Tacon, 1990). The size of the fish, hence protein 
requirement for growth or maintenance is an important variable. Experiments done 
by Storebakken and Austreng (1987) and Storebakken et al (1991) further emphasize 
the importance of basic ration level. 
A2.2.1.6 Natural food 
Natural food, that is food available in the culture system as a result of natural 
processes, have to be taken into consideration in semi-intensive systems. Exploiting 
these can result in a reduction of the cost of artificial feeding. In intensive systems, 
where the culture environment is artificially controlled and stocking densities are at 
a maximum, artificial feeds are generally the only source of nutrition and natural food 
availability is not a consideration. 
A2.2.1.7 Economics 
Optimum dietary protein requirement expressed as the percentage of protein 
in the total diet weight required for maximum growth is, generally speaking, not 
optimal in terms of cost. Least cost dietary protein levels fall short of those required 
to support maximum growth, as a function of the relationship between growth, food 
conversion ratio (FCR) and protein efficiency ratio (PER) (DeSilva et al• 1989). 
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DeSilva et al (1989) demonstrated that the optimal dietary protein content for four 
species of young tilapia {Oreochromis mossambicus, O. niloticus, O. aureus and 
Tilapia zilli) fell from 34%, supporting maximum growth, to 28%, the least cost 
formulation. Tabachek (1986) also considered the cost of major dietary ingredients. 
It was proposed a dietary combination of 54% protein with 20% lipid be fed to Arctic 
charr {Salvelinus alpinus) for maximum weight gain with a reduction in dietary 
protein to 44% for a more cost efficient feeding strategy. Alexis et al (1986) 
considered the cost of production of rainbow trout {Oncorhynchus mykiss) after 
feeding with some alternative combinations of animal and plant by-products (poultry 
by-products, carob seed germ meal and corn gluten meal) at two protein levels. At 
both protein levels, diets lacking herring meal resulted in the best growth rates. 
However the overall cost of fish produced did not parallel this result. 
A2.2.1.8 Environmental factors 
Environmental factors such as temperature and salinity are well documented 
in their effect on protein requirement. Salinity will be considered in more detail in 
Part B. Temperature acts as a controlling factor pacing the metabolic requirements 
of food and governing the rate processes involved in food processing (Brett, 1979). 
The percentage of body weight to daily feed varies with water temperature, and as 
such protein intake will vary. Fish species such as the African catfish (Clarias 
gariepinus) have shown a positive correlation between water temperature and growth 
rate at various protein levels (Henken et al.’ 1986; Degani, 1988; Degani et al” 
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1989). DeLong et al (1958) found with chinook salmon {Oncorhynchus tshawytscha) 
that an increase in water temperature from 8.3 C to 14.4 C increased the dietary 
protein requirement from 40% to 55%. Fingerling carp {Cyprinus carpio) retained 
more protein under conditions where the temperature was raised from IVC to 2TC 
(Huisman et al, 1979). Husbandry techniques for channel catfish {Ictalurus 
punctatus) involve altering the feeding regime according to temperature in the 
following manner: if the water temperature is above 32°C feed no more than 1% 
body weight daily, between 21 and 32°C feed 3% body weight daily, between 16 and 
21°C feed 2% body weight daily and between 7 and 16°C feed 1% body weight daily 
(Bardach et al 1972). 
A2.3 Dietary lipid 
The general functions of dietary lipids are as follows (Tacon, 1990): (1) lipids 
are important sources of metabolic energy, and are the most energy rich of all classes 
of nutrients. In particular, free fatty acids derived from triglycerides are the major 
aerobic fuel source for the energy metabolism of fish muscle, (2) lipids are essential 
components of all cellular and subcellular membranes, (3) lipids serve as biological 
carriers for the absorption of the fat soluble vitamins A, D, E and K, (4) lipids are 
a source of essential fatty acids, which in turn are essential for the maintenance and 
integrity of cellular membranes and (5) lipids are a source of steroids, which in turn 
perform a wide range of important biological functions. 
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A2.3.1 Dietary lipid requirement 
Marine oils are characteristically different from terrestrial oils in that they are 
rich in fat-soluble vitamins and highly unsaturated fatty acids (Cowey and Sargent, 
1979). Fish are incapable of de novo synthesis of 18:2w-3, 18:3w-3, 20:5w-3 and 
22:6w-3 fatty acids and a dietary source of these fatty acids is essential for normal 
growth and»survival (Kanazawa, 1985). The almost exclusive requirement for 
essential fatty acids (EFA) of the linoleic series (a)-3) of fish is thought to be because 
of their lower melting point, which helps to maintain membrane fluidity as fish have 
a lower body temperature than mammals, mammals tending to require EFA’s of the 
linolenic series ( -6) (Viola and Arieli, 1988; for reviews see Castell, 1979; 
Kanazawa, 1985). In diets for fingerling red sea bream {Chrysophrys major) and 
yellowtail (Seriola quinqueradiata) it was found that the co-3 highly unsaturated fatty 
acid (HUFA) content in diets should be increased in proportion to dietary lipid levels 
to obtain maximum growth, being 20%, regardless of lipid levels, and 22% of dietary 
lipid for C. major md S. quinqueradiata respectively (Takeuchi etal. 1992 a,c). Red 
sea bream (C. major) fed a linolenic acid supplement exhibited poor growth (Fujii and 
Yone, 1976). Similarly the level of w-3 HUFA in diets for Sparus aurata larvae 
showed a linear correlation with growth rate, length and final tank biomass. Survival 
was also significantly affected but this relationship was not linear (Koven et al, 
1992). Marine oil is the most desirable source of lipid in diets for fish due to rich 
supply of w-3 EFA's. However, other oils and fats have been assessed, such as canola 
oil and pork lard (Dosanjh et al, 1984; Dosanjh, et al, 1988), poultry and soybean 
oil (Degani, 1986) poultry oil (Gallacher and Degani, 1988), soybean and rapeseed 
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oil (Thommassen and R0sj0, 1989), soybean oil, linseed oil, chicken fat, pork lard 
and beef tallow (Greene and Selivonchick, 1990), and found to be acceptable in 
varying degrees. 
A2.4 Dietary carbohydrate 
Carbohydrate in cattle diets constitute more than 50% of the total nutritional 
ingredients and play an important role along with fats as a source of energy 
(Shimeno, 1982). Carbohydrate up to levels of about 25% in the diets of fish such as 
channel catfish {Ictalums punctatus), rainbow trout (Oncorynchus mykiss) and plaice 
{Pleuwnectes platessa) have been as effective as fat as an energy source (Cowey and 
Sargent, 1979). Even strictly carnivorous marine fish can tolerate 20-30% dietary 
dextrin (yellowtail and red sea bream respectively), (Furuichi and Yone, 1980). 
A2.4.1 Dietary carbohydrate requirement 
In contrast with protein (EAA,s) and lipid (EFA s)’ no absolute dietary 
requirement for carbohydrate has been established. There are several reasons for this 
(Tacon, 1990): (1) the carnivorous/omnivorous feeding habit of the majority of 
farmed fish, (2) the ability offish to synthesize carbohydrates (i.e. glucose) from non-
carbohydrate substrates such as protein or lipid, and the ability of fish to satisfy 
their dietary energy requirements through protein and lipid catabolism alone. 
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Carbohydrates are extremely important in practical fish diets as they not only 
present an inexpensive source of dietary energy but also, if balanced correctly, can 
result in a protein sparing effect (Pieper and Pfeffer, 1979; Beamish and Medland, 
1986; Hilton et al., 1987; Degani and Viola, 1987). It is also well known that 
herbivorous and omnivorous fish can efficiently utilize dietary carbohydrate (Shimeno 
et al. 1979). Despite this, the case of strictly carnivorous species of fish seems to be 
one of limited use due to a number of reasons: (1) low activities of enzymes involved 
in the digestion and catabolism of carbohydrate (Shimeno et aL 1979; Knox et al, 
1980; Buddington and Hilton, 1987) (2) glucose intolerance (Shimeno et al., 1979; 
Furuichi and Yone, 1982a), (3) retarded growth, low feed efficiency and low 
carbohydrate digestibility when feeding high carbohydrate diets (Rychly and 
Spannhof, 1979; Hemre et al.’ 1989; Furuichi and Yone, 1982b; Furuichi and Yone, 
1980). Shimeno (1982) found that in yellowtail (Seriola quinqueradiata) fed diets 
containing 40% carbohydrate (starch), growth halted, fat content of carcass and liver 
was elevated when compared to fish fed starch-free diets, protein and starch 
digestibility decreased, glucose tolerance deteriorated and the activity of 
phosphoglucose isomerase (PGI), glucose-6-phosphate dehydrogenase (G6P-DH), 
phosphogluconate dehydrogenase (PG-DH) decreased. In contrast to this, the same 
author found that in carp {Cyprinus carpio), fed a range of diets containing 0 to 53% 
carbohydrate (a-potato starch), protein efficiency increased with an increase in starch 
content, digestibility of protein and starch increased as dietary starch increased and 
the activity of PGI, G6P-DH and PG-DH increased as dietary starch increased. 
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A2.5. Dietary vitamins 
Vitamins are complex organic substances, usually of comparatively small 
molecular size (Cho et al, 1985a), and the majority are not synthesized by the animal 
body (or at a rate sufficient to meet its needs) (Tacon, 1990). Vitamins can be 
classified into two broad groups according their solubility: water soluble vitamins and 
fat soluble vitamins. 
A2.5.1 Dietary vitamin requirements 
Eleven water soluble and four fat soluble vitamins are required by fish. These 
are: water soluble - thiamine (Bl), riboflavin (B2), pyridoxine (B6), pantothenic acid, 
nicotinic acid (niacin), biotin, folic acid, cyanocobalamin (B12), inositol, choline and 
ascorbic acid (Vit C); fat soluble - retinol (Vit A), tocopherol (Vit E), cholicalciferol 
(Vit D3) and phylloquinone (Vit K) (Halver, 1972; Tacon, 1990). Water-soluble and 
fat-soluble vitamin requirements vary with fish size, species, environment, age and 
state of maturation (Halver, 1985; Dabrowski, 1986). Incidences of deterioration in 
fish health or disease will occur under one of two conditions; (1) avitaminosis, with 
characteristic symptoms such as paralysis, cataracts, clubbed gills, poor growth, 
scoliosis and more, results due to a deficiency in one or more of the water or fat 
soluble vitamins; (2) Hypervitaminosis, with poor growth, toxic liver reaction (Vit 
E) and high liver oil (Vit A) among other things, results due to an accumulation of 
one or more of the fat soluble vitamins (Halver, 1972). Chinook salmon 
{Oncoryhnchus tshawytscha) were found to have a dietary requirement for nine out 
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the eleven water soluble vitamins, having no requirement for ascorbic acid under the 
conditions used and the results for vitamin B12 being inconclusive (Halver, 1957b). 
Channel catfish {Ictalurus punctatus) can apparently utilize dietary methionine to 
spare, at least in part, their need for dietary choline (Wilson and Poe, 1988) and the 
minimum dietary pyridoxine requirements of the gilthead seabream {Sparus aurata) 
was above 1.97 mg/kg dry diet (Kissil et al 1981). These are studies where nutrients 
are assessed in isolation, typically obtaining a dose response curve that relates to 
growth, and may be limiting in that nutrients do not function as independent units but 
are related to and interrelate with other nutrients (for review see Hilton, 1989). 
A2.6 Dietary minerals 
Fish require minerals as essential factors in their metabolism and growth. 
However, unlike terrestrial animals, fish have an intimate relationship with their 
environment that complicates the study and determination of mineral requirements 
(Cowey and Sargent, 1979; New, 1986). For this reason the mineral nutrition offish 
is one of the most neglected areas in the field of fish nutrition (Lall, 1979). Twenty 
or so inorganic mineral elements are regarded to be essential for life and their general 
functions are as follows (Tacon, 1990): (1) minerals are essential constituents of 
skeletal structures and structural constituents of soft tissue, (2) minerals play a key 
role in the maintenance of osmotic pressure and in the acid-base equilibrium of the 
body, (3) minerals are essential for the transmission of nerve impulses and muscular 
contraction and (4) minerals serve as essential components of many enzymes, 
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vitamins, hormones and respiratory pigments or as cofactors in metabolism, catalysts 
and enzyme activators. 
A2.6.1 Dietary mineral requirements 
Sakamoto and Yone (1979c) compared a mineral mixture formulated for 
salmonids against one formulated for red sea bream {Chrysophrys major) with 
juvenile red sea bream and found both mixes to be equally effective. Red sea bream 
fed purified test diets without the supplementation of Mg, Al, Zn, Cu, Co and I 
showed no ill effects over periods of 60 to 90 days (Sakamoto and Yone, 1978c and 
1979a). The only minerals that red sea bream require are phosphorus (Sakamoto and 
Yone, 1973 and 1978b) and iron (Sakamoto and Yone, 1978a and 1979b). Black sea 
bream {Mylio macwcephalus) are similar in that they need an optimal level of 
phosphorus in a diet with too little resulting in retarded growth and poor FCR, and 
excess levels resulting in retarded growth and even death (Liu et al• 1992). 
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A2.7 Evaluation criteria 
A2.7.1 Introduction 
Although readily observed and easily measured, growth is one of the more 
complex activities of an organism. It represents the net outcome of a series of 
behavioural and physiological processes that begin with food intake and terminate in 
deposition of animal substance. The processes of digestion, absorption, assimilation, 
metabolic expenditure and excretion all interplay to affect the final product (Brett, 
1979). As such, reliable methods by which a diet's suitability, for a particular 
situation, can be assessed are of the utmost importance. The inclusion of more than 
one evaluation criteria is often neccessary, or desirable, in a study so as to allow a 
more complete picture of just how a fish responds to nutritional manipulation. Hence, 
a more efficient application of the knowledge to a field situation would result. 
A2.7.2 Growth and conversion efficiencies 
Growth is the most commonly used method for evaluating test diets as it is the 
most suitable for extrapolation to a field situation. Other evaluation criteria can 
include: (1) Feed conversion ratio (FCR) or feed conversion efficiency (FCE) which 
are the ratios between the weight of food consumed and the weight gain of the fish 
or the weight gain of the fish and weight of food consumed respectively (Utne, 1979; 
Hepher, 1988); (2) Protein efficiency ratio (PER) is the ratio between the weight gain 
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of the fish and the amount of protein consumed (Utne, 1979; Steffens, 1981). These 
are the most popular. Others include (3) Productive protein value (PPV) or the 
efficiency of protein utilization being the ratio between protein retained and protein 
consumed expressed as a percentage of the latter. This improves over PER as it does 
not only consider weight gain (Utne, 1979; Steffens, 1981; Hepher, 1988). (4) Net 
protein utilization (NPU) is the ratio between protein retained and protein assimilated 
expressed as a percentage of the latter. It improves on PPV as it takes into 
consideration protein utilized for maintenance (Utne, 1979; Hepher, 1988; Watanabe 
and Pongmaneerat, 1991). (5) Biological value (BV) is the ratio between the nitrogen 
retained and the nitrogen absorbed, expressed as a percentage of the latter. Here we 
see NPU corrected for digestibility (Utne, 1979; Hepher, 1988; Watanabe and 
Pongmaneerat, 1991; Pongmaneerat and Watanabe, 1991). 
A2.8 Digestion 
Digestibility, can be calculated in three forms. True digestibility (TD), is 
calculated by assessing the amount of a nutrient absorbed after correcting for 
metabolic nutrients excreted along with the faeces. If excreted metabolic nutrients are 
not accounted for the value is termed apparent digestibility (AD). Finally , using an 
inert physiological marker in a diet, such as chromic oxide, allows the calculation of 
an apparent digestibility coefficient (ADC), (Austreng, 1978; Utne, 1979; Hepher, 
1988; Watanabe and Pongmaneerat, 1991). Digestibility has been used extensively in 
order to assess optimal ratios of dietary nutrients or to assess availability of a 
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particular nutrient source. Bergot and Breque (1983) assessed the digestibility of 
dietary starch in rainbow trout {Oncorynchus mykiss) relative to both the physical 
state of the nutrient and its intake level, finding that a restricted feeding regime and 
starch gelatinization both had a positive effect on starch digestibility. Contrary to this 
it was found by Storebakken and Austreng (1987) that ration level had no significant 
effect on the apparent protein digestibility in rainbow trout (O. mykiss). Ferraris et 
al, (1986) demonstrated the differences in protein digestibility that can occur when 
fish are fed protein oiginating from different sources, showing that milkfish {Chanos 
chanos) digested gelatin (digestibility 90-98%) more efficiently than casein, defatted 
soybean meal and fishmeal (digestibility 50-59%) more efficiently than Leucaena 
leucocephala leaf meal (digestibility 10-40%). 
A2.9 Metabolism in relation to nutritional status 
A2.9.1 Nitrogen excretion 
The predominant nitrogenous metabolic by-product in fish is ammonia. 
Ammonia excretion constitutes 60-95% of the nitrogenous wastes in freshwater and 
marine teleosts (Wright, 1993). Thus fish are regarded as ammoniotelic organisms. 
Ammonia, the majority of which is produced in the liver, is primarily excreted via 
the gill, with only a small fraction appearing in the urine (Forster and Goldstein, 
1969). The rate of basal or endogenous nitrogen excretion will increase several fold 
after the ingestion of food, primarily as a result of a marked increase in ammonia 
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excretion due to the direct deamination of amino acids ingested and absorbed from 
the food. At its peak, the rate of ammonia excretion can increase several-fold over 
basal rates, and after the peak is reached excretion rates will gradually decline back 
to basal levels (Jobling 1993). 
Nitrogenous excretion rates are influenced by a number of factors which 
include, the quality of dietary protein (Cho and Kaushik, 1985), the level of dietary 
protein (Beamish and Thomas, 1984; Gallacher and Matthews, 1987; Wright, 1993) 
the level of feed intake (Jobling, 1981; Cho and Kaushik, 1985; Ramnarie et al, 
1987; Cui and Wootton, 1988; Davenport et al., 1990) and water temperature 
(Jobling 1981; Cho and Kaushik, 1985; Cui and Wootton, 1988; Forsberg and 
Summerfelt, 1992). Fish fed on diets rich in protein would be expected to have high 
ammonia excretion rates, as is the case in eel (Anguilla rostrata) (Gallacher and 
Matthews, 1987) and tilapia (Oreochromis niloticus) (Wright, 1993). This occurs as 
a result of increased protein catabolism, the fish using more protein for energetical 
purposes. 
A2.9.2 Metabolic rate (O2 consumption) 
Following ingestion of food their will be an increase in metabolic rate. This 
post-prandial increase results from the energy requirement for the following 
processes; (1) the digestion, absorption and storage of nutrients, (2) the deamination 
of amino acids and synthesis of excretory products and (3) the increased turnover and 
deposition of tissue components (Jobling, 1993). This increase in metabolic rate is 
24 
most evident between fed and unfed fish (Paul et al., 1988; 1990). Eels {Anguilla 
rostrata) fed different levels of protein in isocaloric diets show no post-prandial 
difference in O2 consumption rates (Gallacher and Matthews, 1987). 
A2.10 Biochemical indices of metabolic performance 
A2.10.1 Tissue composition 
A2.10.1.1 Proximate composition and organ indices 
Most intensively farmed fish are ultimately destined for public consumption. 
The proximate composition of a fish carcass will greatly affect its nutritional value 
and palatability. Dietary formulations can influence fish obesity, survival and product 
storage (Buckley and Groves, 1979). Cases of greater proportions of visceral fat will 
reduce the dressing percentage of fish (Lovell, 1980). For these reasons an analysis 
of the carcass composition of fish exposed to a particular dietary composition will 
allow insight into a formulation's suitability (Cowey et al•’ 1972; Austreng and 
Refstie, 1979; Jauncey, 1982; Daniels and Robinson, 1986; Tabachek, 1986; Akand 
et a!., 1989; DeSilva and Gunasekera, 1989; Shiau and Huang, 1989; Parazo, 1990; 
Clark et aL, 1990). Protein, fat, water and ash are normally assessed. Some authors 
target muscle tissue (Sakamoto and Yone, 1978b; Furuichi and Yone, 1980; M^dale 
et al, 1990) with some also targeting specific organs such as the liver (Sakamoto 
and Yone 1978b; Furuichi and Yone, 1980; Daniels and Robinson, 1986; Tabachek, 
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1986; Hemre et al, 1989; Storebakken et al, 1991) and viscera (Storebakken and 
Austreng, 1987; Medale et al, 1991; Storbakken et al, 1991). Whole organs can 
also be weighed and expressed as a percentage of the body weight, such as 
hepatosomatic index (Furuichi and Yone, 1980; Bromley and Smart, 1981; Bromley 
and Adkins, 1984; Storbakken et al, 1991) or viscerosomatic index (Bromley and 
Smart, 1981, 1984; Medale et al, 1991; Storebakken et al, 1991). 
A2.10.1.2 EAA profile 
Experiments involving the analysis of whole body amino acid composition 
have been carried out regarding the feeding, hence the nutritional value, of whole 
protein sources (Ogino and Hanri, 1980; Schwarz and Kirchgessner, 1988), the 
assesment of essential amino acid ratios for the construction of practical diets (Gatlin, 
1987) and the elucidation of daily dietary requirements for essential amino acids 
(Ogino, 1980). 
A2.10.2.3 Lipid/EFA profile 
Changes in tissue fatty acids can act as a biochemical indicator of fatty acid 
assimilation from artificial diets (Schauer and Simpson, 1979). While observing the 
influence of dietary on somatic and hepatic lipid composition Burgos et al.’ (1989) 
reported that triacylglycerols constituted 90% and 40% of eel {Anguilla anguilla) 
26 
muscle and liver respectively. After feeding with experimental diets (protein content 
35-45-55%) triacylglycerol content in eel muscle significantly increased, regardless 
of protein source, with no significant differences in composition. In liver 
triacyglycerol increase was comparatively higher in fish fed diets with herring meal, 
as opposed to fishmeal, as the sole protein source. 
A2.10.2.4 RNA/DNA ratios 
Tissue RNA:DNA ratios seem to correlate with protein synthesis capacity of 
an organ or tissue and therefore the nutritional status of a fish (Bastrop et al, 1992). 
However, Miglavs and Jobling (1989) pointed out some possible shortcomings in the 
use of this as an index for growth. In particular the complication of the index by the 
processes of somatic growth being as a result of both anablolic and catabolic activity. 
Changes in the relationship between these two processes could cause RNAiDNA ratio 
to become uncoupled, such as during compensatory growth. 
A2. l l Haematological characteristics 
Haematological characteristics have been used to assess the suitability of 
protein (Plakas et al., 1980; Alexis et al., 1986), amino acid levels (Plakas et al, 
1980; Thebault et al. 1985), carbohydrate (Hemre et al., 1989) and lipids (Greene 
and Selivonchick, 1990) in test diets, and more extensively in assessing various 
vitamins (Yano et al• 1988) and minerals (Sakamoto and Yone, 1978a,b; 1979a,b). 
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A2.12 Enzymes 
A2.12.1 Enzymes of the intermediate metabolism 
Hepatic enzymes of intermediate metabolism have been studied quite 
extensively with regard to dietary composition, in particular those of the 
gluconeogenic and glycolytic pathways (De la Higuera, 1976; Cowey et al, 1977a,b; 
Shimeno et al. 1979; Cowey et al.’ 1981; Hilton and Atkinson, 1982; Shimeno, 
1982; Lupianez et al., 1989; Borrebaek et al, 1993). The enzymes involved in 
gluconeogenesis and glycolysis are of particular importance in assessing the degree 
to which cultured fish, in particular carnivorous fish, can adapt to formulated diets 
that may contain levels of carbohydrate far exceeding levels found in the natural diet 
of the fish. The general trends in the current literature being gluconeogenic enzymes 
correlate positively with increasing dietary protein levels and glycolytic enzymes 
correlate negatively with the same parameter. Dietary influence on lipogenic enzymes 
has also received a degree of attention (Lin et al., 1977; Hilton and Atkinson, 1982; 
Likimani and Wilson, 1982; Lupianez et al 1989; Bastrop et al, 1992). In this case 
the general trends being, diets rich in carbohydrate enhance the activity of lipogenic 
enzymes while diets rich in fat will eventually depress lipogenic enzyme activity. 
However, recent studies conducted on Atlantic salmon {Salmo salar) failed to find a 
significant correlation between lipogenic enzyme activity and the amount of dietary 
starch the fish absorbed (Arnesen et al, 1993). Hexokinase, an enzyme primarily 
involved in the phosphorylation of glucose (an enzymatic step in the first stage of 
glycolysis) was recently shown to succumb to the influence of dietary composition in 
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Atlantic salmon {Salmo salar) (Borrebaek et al, 1993). The activity of hexokinase 
(glucokinase) increased gradually when the level of dietary starch incorporation 
increased from 0-30% (at the expense of dietary protein). Other enzymes investigated 
are those involved in the Krebs cycle (Bastrop et al, 1992) and amino acid 
metabolism (Jurss, 1979; Lupianez et al. 1989). 
A2.12.2 Intestinal enzymes 
By the action of enzymes of the digestive fluids and gut epithelial cells, 
proteins, polysaccharides, lipids and nucleic acids are degraded into smaller molecules 
which can be absorbed and assimilated (Fange and Grove, 1985). Some fish are more 
efficient than others at absorbing different food groups (see Furuichi and Yone, 
1980). As food is not useful unless absorbed and assimilated the addition of a 
particular nutrient to a diet for purposes other than bulk is largely determined by the 
ability of the animal to digest and absorb the food (Phillips, 1969). Proteases are the 
most important digestive enzymes, not only in carnivorous but also in omnivorous and 
herbivorous fish (Hofer, 1979; Hofer, 1982; Das and Tripathi, 1991). Buddington and 
Hilton (1987) showed that in response to elevated levels of easily digested 
carbohydrate the carnivorous rainbow trout {Qncorynchus mykiss) displayed a 
reduction in absorption efficiency. In line with this Chung (1987) showed that starch 
rich diets suppressed proteolytic activity in red sea bream {Chrysophrys major) as did 
feeding high levels of Spirulina algae to omnivorous tilapia {Oreochromis 
mossambicus) (Chow, 1989). Chow (1989) also showed that high levels of Spirulina 
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algae in the diets of tilapia (O, mossambicus) caused a decline in gut amylase activity. 
This shows that high levels of dietary feed ingredients that are not animal in origin 
can result in suppression of both proteolytic and amylolytic enzyme activities. 
A2.13 Thyroid hormones 
The kinetics of thyroid hormones have been shown to come under dietary 
influence with respect to both level of dietary intake and dietary composition (Higgs 
and Eales, 1977 1978, 1979). In the latter of the three studies it was shown that in 
brook trout (Salvelinus fontinalis) fed low protein, low calorie, diets, thyroidal 
function was depressed in the form of decreased plasma T4 levels, lowered T4 
degradation rate and depressed monodeiodination of T4 to T3. The authors also 
acknowledge the value of future studies involving the influence of varying protein 
rations, in isocaloric diets, on the kinetics of thyroid hormones. 
30 
Part B : Teleostean salinity adaptation 
B2.1 Introduction 
Generally speaking, within the integument of an animal a relatively stable 
environment exists. Water is the solvent of this medium and in it are dissolved 
nutrients, products of the metabolism, inorganic solutes such as O2 and CO2 and 
electrolytes (occurring in a ratio similar to that of dilute seawater) (Holmes and 
Donaldson, 1969). Regulatory mechanisms exist in order to maintain this internal 
milieu and these mechanisms require energy derived from the metabolism of the fish 
in order to function. In the marine environment the problems of osmoregulation in 
fish are overcome by drinking saltwater, secreting monovalent ions mostly via the 
gills and excreting small amounts of isotonic urine. The gills also have an abundant 
supply of ATPase enzymes for sodium and potassium (Brett, 1985). As such, most 
marine fish can tolerate a degree of change in the salinity of their environment (see 
Wu and Woo, 1983). Some marine species of fish appear to be very tolerant of 
changes in the salinity of their environment. Woo and Wu (1983) demonstrated that 
physiological stress would be unlikely to occur in two species of marine teleost, the 
black sea bream {Mylio macrocephalus) and the red grouper {Epinephelus akaara) in 
a salinity regime of 7 to 30ppt. 
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B2.2 Influence of salinity on growth 
The manipulation of environmental conditions has been shown to provide 
favourable combinations that significantly improve both growth and food conversion 
efficiency (Brett and Groves, 1985). If a fish species is cultured in an environment 
that is isosmotic with its body fluids it seems reasonable to propose that the fish 
would experience a decrease in its metabolic cost of osmoregulation. Rao (1968) 
showed this to be an accurate assumption when it was found that rainbow trout 
(Oncorhynchus niykiss) exhibited reduced rates of Oj consumption at all levels of 
activity in a salinity of 7.5ppt. However, the current literature regarding the growth 
of commercially important teleost species in varying saline environments does not 
follow any one trend (Table 2.2). A recent review on tilapia species alone (Suresh 
and Lin, 1992), highlights that although salinities ranging from 10-20 ppt are optimal 
for growth in general, very often one or more species will display optimal growth 
rates under conditions that greatly deviate from this regime. Such is the case with 
Oreochromis mossambicus which attained a size twice that displayed in freshwater 
cultured fish when cultured in seawater under the same set of experimental conditions 
(Kuwaye et al, 1993). Equally controversial is the current information pertaining to 
euryhaline salmonids. Much of the work on salinity adaptation has been upon various 
salmonid species, some of which metamorphose from parr to smolt before entering 
seawater (Eddy and Bath, 1979). MacLeod (1977a) found a negative correlation 
between increasing salinity and growth in 0+ year group (mean initial weight 40g) 
rainbow trout ( a mykiss) as did McKay and Gjerde (1985) for 10 month and 18 
month age groups (mean initial weights 60 and 137g respectively). The author of the 
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latter of the two studies suggests that there is no advantage in terms of absorption or 
conversion efficiency in growing rainbow trout, of the size range used for the studies, 
in salinities above freshwater (FW). Jurss et al (1986) found that at 16 C the same 
species of fish (age not specified, mean weight 50g), held in FW (Oppt) and brackish 
water (BW) of 8ppt, grew better than those held in BW of 20ppt. The same authors 
(Jurss et al, 1987) found that at i r C , rainbow trout (age not specified, mean initial 
weight 55g) held in BW (20ppt) grew better than those held in FW. However at 16°C 
the same trend was seen as in the 1986 paper. In contrast to all of the above Smith 
and Thorpe (1976) found that yearling rainbow trout (initial weights 20-30g) displayed 
superior growth over a complete annual cycle in 75% seawater (SW). 
McCormick et al. (1989) investigated the effect of salinity and ration on the 
growth rate of 1 + year group (initial weights 23-70g) Atlantic salmon {Salmo salar) 
reporting that although FCE was significantly affected by salinity, ration was far more 
important in affecting growth rate of this fish (high rations stimulating growth rates 
in FW (Oppt) and SW (30ppt) as opposed to poorer growth in BW (lOppt). It seems 
that rearing this fish in isosmotic salinities does not offer significant growth 
advantages. Similarly Duston (1994) found that the growth rate of S, salar smolts is 
largley independent of salinity. Bastrop et al. (1992) revealed the same correlation 
between feeding rates and growth for rainbow trout held in BW (15ppt), but no 
comparison was made with other salinities. 
The euryhaline sea bass {Dicentrarchus labarax) has also come under 
investigation regarding its growth response when cultured in different salinities and, 
just as other species previously discussed, has avoided general definition. Alliot et al. 
(1983) found that sea bass fingerlings grew faster in high and low salinities (6 and 
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Table 2.2 Reported effects of salinity adaptation in selected fish species. 
Fish Response to salinity Reference 
Rainbow trout 
{Oncorhynchus mykiss) 
Growth; Jurss et al. (1986)' 
-superior in brackish water' ^ 
-superior in seawatei^ MacLeod (1977a)^ 
-inferior with increasing salinity'' 
MacLeod (1977b)' 
Weight loss under conditions of starvation; 
-reduced weight loss in brackish water' ^ ‘ McKay and Gjerde (1985/ 
Conversion efficiences; Rao (1968)5 
-FCE* not affected by salinity change^ 
-absorption efficiency (digestibility) decreases^ Smith and Thorpe (1976)* 
with increasing salinity 
-protein digestibility decreases in seawater^ Teskeredzic et al. (1989)7 
Protein requirement; Zeitoun et al. (1973)' 
-protein requirement decreases in intermediate salinities® 
Oxygen consumption; 
-oxygen consumption (metabolic cost of osmoregulation)^ 
decreases in intermediate salinities 
Coho salmon 
{Oncorhynchus kisiitch) 
Protein requirement; Zeitoun et al. (1974)' 
-salinity had no effect'" 
Atlantic salmon 
(Sabno salar) ,„ 
Growth; McCormick et al. (1989)'° 
-inferior in intermediate salinities'" 
Usher et al. (1990)" 
Digestibility; 
-protein digestibility decreases in seawater" 
European sea bass 
M i o ( 1 _ 2 
-superior in intermediate salinities'^ , ,„or i3 
( J L temperature is low) Dendrinos and Thoipe (1985 
-superior in high salinities" , 
-superior in low salinities^ al (1989)^ 
Body composition; 
-salinity had no effect 2 
Food intake and PCE• 
-food intake increased with increasing salinity" 
-PCE maximal at high salinities" 
*; FCE = feed conversion efficiency; PCE= protein conversion efficiency 
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Table 2.2 continued: Reported effects of salinity adaptation in selected fish species. 
Fish Response to salinity Reference 
Tilapia 
{Ulapia nilotica) 
Growth; DeSUva and Perera (1985)'^ 
-superior in intermeadiate salinities'^ 
(for diets up to 30% protein) DeSUva et al. (1986)"^ 
Protein requirement; 
-reduced in intermediate salinities" 
FCE; 
-superior in intermediate salinities'^ 
Oxygen consumption; 
-highest in intermediate salinities'^ 
{Oreochromis mossambiciis) 
Growth; Kuwaye et al. (1993/7 
-superior in seawater when compared to freshwater"' 
Atlantic menhaden 
(Brevoortia tyranmis) 
Growth; Hettler (1976)'" 
-superior in intermediale salinities'® 
Oxygen consumption; 
-increases in intermeadiate salinities'® 
Red sea bream 
{Chrysophrys major) 
Oxygen consumption; Woo and Fung (1981)" 
-routine Oj consumption unaffected by salinity" 
37ppt respectively) when the culture temperature was high (22 C). In contrast the fish 
grew faster in intermediate salinities (11 and 24ppt) when the culture temperature was 
low (15 C). Dendrinos and Thorpe (1985) monitored the effect of salinity on growth 
rate of sea bass over a period of twelve months at a constant temperature of i r c and 
found that growth rate was maximal in a salinity of 30ppt and minimal in a salinity 
of 5ppt. The order of increasing growth rate, with respect to salinity, in this study 
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was 5, 10, 20, 33, 25 and 30ppt. This suggests that growth in isosmotic conditions 
was far from optimal. The authors did, however, point out that a slight decrease in 
salinity from SW (33ppt) to a salinity of 30ppt can result in fish that are, on average, 
21.5% heavier after 1 year. Roche et al (1989) determined growth of sea bass in in 
SW (37ppt) and BW (5ppt) over a period of nine weeks (water temperature varying 
naturally between 13 and 21° C) and observed an enhanced growth rate in BW. With 
this species as with the salmonids previously discussed, temperature would seem to 
play an important role in its performance under conditions of varying salinity. 
Kinne (1960) demonstrated that the growth performance, relative to salinity, 
of Cyprinodon macularis decreases in the order of 35, 15, 55 and Oppt. It was also 
shown that food consumption was maximal at 35ppt and minimal at Oppt. However 
conversion efficiency (FCE) was maximal at 15ppt. This species of fish is exposed 
to a great variety of environmental salinities in its natural habitat. The freshwater 
catfish Mystus vittatus grows poorly in salinities above 2ppt up to lOppt and consumes 
food in a manner that negatively correlates with their growth rate (Arunachalam and 
Reddy, 1979). Juvenile red drum {Sciaenops ocellatus) growth rates were monitored 
over a six week period showing that growth was comparatively constant (for fish in 
size range l-258g) in both fresh and saltwater (Wurts and Stickney, 1993). 
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B2.3 Influence of salinity on weight loss during starvation 
The ability of an organism to survive starvation depends, among other things, 
on its energy reserves and the energy demand subjected by its environment (Jurss et 
fl/., 1984). As opposed to the previous discussion where an animal achieves maximum 
growth, it is assumed that under conditions of starvation an organism's vital activities 
will take place in the most economical fashion in order for it to survive (Jurss et al., 
1986). Information on the depletion of energy reserves during starvation can be used 
to supplement information pertaining to growth rate during exposure to similar 
conditions (MacLeod, 1977b). Jurss et al (1984) found that in terms of live weight 
loss, the effects of starvation were the same for tilapia (Oreochromis mossambicus) 
held in three different salinities (0 10 and 33ppt). In terms of relative weight loss 
however it would appear that fish lost more weight in higher salinities. Starvation also 
decreased gill Na+-K+-ATPase activity in tilapia held in FW and BW by over 50%. 
The activity of Na+-K+-ATPase also declined slightly in the seawater adapted fish 
which the author proposes could cause problems if these fish are cultured under SW 
or BW conditions as it would be vulnerable when experiencing a greater respiratory 
demand, such as respiration due to handling. Under conditions of starvation rainbow 
trout {Oncorhynchus mykiss) displayed a significantly greater weight loss in a salinity 
of 32.5ppt as opposed to salinities of 15ppt and below, with the least amount of 
weight loss occuring in FW (MacLeod, 1977b). Weight loss and mortality were 
lowest in a mykiss in BW (8ppt) when the effect of starvation was compared in 0, 
8 and 20ppt environments by Jurss et al (1986). The contradictions between 
MacLeod (1977b) and Jurss et al (1986) may be as a result of the size difference 
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between the fish used for the different experiments (80-155g for the latter; a mean of 
50g for the former). In line with McLeod (1977b), Smith and Thorpe (1976) found 
that O. mykiss in FW lost less weight under conditions of starvation than those in 
75% SW. McCormick et al. (1989) noted that under conditions of starvation weight 
loss in Atlantic salmon {Salmo salar) increased with increasing salinity (salinities 
tested were 0 10 and 30ppt). The study conducted by Woo and Murat (1981) on a 
typical marine teleost {Chrysophrys major) demonstrated that out of three salinities 
tested (SW, %SW and VaSW), enhanced survival occurred to the greatest degree in an 
isosmotic medium (VaSW). 
B2.4 Metabolic rate (oxygen consumption) and salinity adaptation 
The energetic cost of osmoregulation is, in most cases, affected by the salinity 
of the surrounding medium. Osmoregulatory work is not constant between salinities 
due to changes in body permeability and in ion and osmotic gradients (Febry and 
Lutz, 1987). While this may be true, few researchers in the field can agree, 
unequivocally, to what degree this phenomenon re-allocates the energy budget of a 
fish. Basing calculations on the assumption that there was no cost of osmoregulation 
in a salinity of 7.5ppt, (isosmotic point), Rao (1968) estimated that in rainbow trout 
{Oncoryhnchus mykiss) the metabolic cost of osmoregulation in FW and 15ppt was 
20% of the total metabolism, while at 30ppt this increased to 27% of the total 
metabolism. A similar pattern occured with young Atlantic menhaden {Brevoortia 
tyrannus) (Hettler, 1976) which displayed a decrease in O2 consumption when 
38 
acclimated to an intermediate salinity (15ppt). Nordlie and Leffler (1975) contradicted 
this to a certain extent after calculating the energetic cost of osmoregulatory processes 
in the euryhaline striped mullet {Mugil cephalus). These authors reported that while 
the cost of osmotic regulation is high when the environment is distinctly hyperosmotic 
with respect to the blood, the cost when the environmental concentration is less than 
that of the blood is negligible. This claim was supported by experiments conducted 
on another notoriously euryhaline teleost, the salt creek pupfish {Cyprinodon salinus) 
(Stuenkel and Hillyard, 1981). It was found that for C. salinus O2 consumption in FW 
is always lower than that in both 50% and full SW. Woo and Tong (1981) also 
reported an increase in O2 consumption in Ophiocephalus maculatus when the salinity 
was raised from FW to 33% SW. In contrast to these studies Febry and Lutz (1987) 
reported that when using the metabolic cost of osmoregulation in isosmotic SW as a 
base for calculation, the metabolic cost of osmoregulation in the euryhaline red hybrid 
tilapia {Oreochromis mossambicus 9 x Oreochromis hornorum 6) was greater in FW 
than it was in SW. Febry and Lutz (1987) discussed these discrepancies in more detail 
and suggested that total metabolic rate under conditions of altered salinities is 
influenced by more than just the energetics of osmoregulation. In particular hormonal 
responses associated with osmoregulatory change often bring about secondary effects 
on other related or non-related variables. Such is the case with increases in circulating 
Cortisol, an adrenocorticosteroid closely associated with teleost osmoregulatory 
adaptation to both FW and SW environments. A single injection of Cortisol (Img/kg) 
can increase O2 consumption, elevate ammonia excretion rates and enhance 
gluconeogenic activity in both intact and hypophysectomized eels {Anguillajaponica) 
(Chan and Woo, 1978). Febry and Lutz (1987) have attempted to compensate for 
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these, and other, responses by relating curves of 0 consumption to swimming speed. 
By eliminating the constant excercise rates, due to the output from swimming, cardiac 
and branchial muscles, the only discrepancies left will be the differences in 
osmoregulatory requirements which in turn will be expressed as differences in the 
total metabolism. Maceina et al. (1980) reported the oxygen consumption rates of 
grass carp (Ctenopharyngodon idella) declined as salinity increased from FW (Oppt) 
to 10.9 ppt. This decline in O2 consumption was attributed to a reduction in blood 
circulation to the gills, which would be advantageous in maintaining the osmotic 
equilibrium and could also be considered a stenohaline response as higher salinities 
would not be tolerated (Morgan and Iwama, 1991). Furspan et al (1984) found that 
with two species of catfish {Ictalurus nebulosus and /. punctatus) the O2 consumption 
declined when the osmotic and/or ionic gradient between the external medium and 
internal body fluids decreased. In this study a distinction was made between the cost 
of ionic and the cost of osmotic regulation. The fish, as well as being immersed in 
dilute artificial seawater, were immersed in solutions of MgSO* of equilvalent 
osmolality. Large decreases in O2 consumption were observed as the osmolality of 
each medium was increased. These decreases in dilute artificial seawater were not 
significantly greater than those in the MgSO* solutions. This would seem to indicate 
that the cost of living in a dilute medium (such as FW) is largely that of osmotic 
regulation. In dilute seawater of 120 and 200 mOsm/kg the reductions in O2 
consumption were 16.8 and 28.6% respectively, whereas in equivalent MgSO-
solutions the reductions were 13.2 and 27.1 % respectively. The authors also proposed 
that the major portion of the measured decreases in O2 consumption is a result of a 
reduction of active reabsorption of Na+ and K+ by the kidney due to reduced 
glomelular filtration rates. 
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Morgan and Iwama (1991) considered the lack of consistency in the total 
metabolic rates of fish exposed to varying salinities and compiled and categorized five 
patterns of metabolic response in teleost fish exposed to varying salinities: (1) 
metabolic rates do not change over a wide range of salinities (Ambassis interupta 
adults; Nordlie, 1978), (2) metabolic rate is minimum in isotonic salinity and 
increases in lower and higher salinities {Ambassis interrupta juveniles; Nordlie, 1978: 
Oreochromis niloticus; De Silva et aL 1986), (3) metabolic rates are minimum in 
freshwater and increase in higher salinities {Leiostomus xanthurus] Moser and Hettler, 
1989: Oncorhynchus mykiss and O. tshawytscha; Morgan and Iwama, 1991), (4) 
metabolic rates are highest in freshwater and decrease to isotonic (higher salinities are 
not tolerated), (Ctenopharyngodon idella; Maciena et al. 1980) and (5) metabolic 
rates are lower in seawater and increase in lower salinities, (Mugil cephalus; Marais, 
1978). Life cycle, age and size of fish all seem to play key roles in how fish respond 
to changes in the environmental salinity. 
B2.5 Biochemical indices of performance during salinity adaptation 
B2.5.1 Carcass and tissue composition 
Alliot et al (1983) reported that the carcass composition of sea bass 
{Dicentrarchus lahrax) was unaffected by salinity but instead was significantly 
affected by temperature. This did not seem to be the case when Dendrinos and 
Thorpe (1985) investigated the same fish and found that carcass protein did change 
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with salinity, however not in a proportional manner. The general trend seemed to be 
a reduction in carcass protein correlating positively with a reduction in salinity. In the 
same experiment, carcass lipid expressed as a wet weight increases with decreasing 
salinity. Expressed as a dry weight variations occur that seem to correlate with 
decreasing salinity but vary in a manner that eludes a specific trend. The former 
result may be confounded by the fact that in the latter paper, the fish carcasses were 
dried to a constant weight at 60°C. Carcass ash decreased with decreasing salinity. 
The proximate composition of white muscle revealed no significant changes with 
regard to salinity, a phenomenon that was similarly found in D. labrax exposed to a 
low salinity environment by Roche et al. (1989). The changes in carcass lipid content 
found by Dendrinos and Thorpe (1985) are most likley to be attributable to large 
amounts of mesenteric fat. Jurss et al (1986) reported that rainbow trout 
{Oncoryhnchus mykiss) cultured in isosmotic salinities displayed a reduction in carcass 
protein and an increase in carcass fat when compared to salinities on either side of 
the range (0 and 20ppt). In the freshwater catfish {Mystus vittatus) Arunuchalam and 
Reddy (1979) reported a decrease in carcass moisture, an increase in carcass ash, an 
increase in carcass fat and a rise and subsequent fall in carcass crude protein levels 
with increasing salinity. This would appear to be a classic FW stenohaline response. 
Snakehead {Ophiocephalus maculatus) respond in a similar manner with significant 
reductions in muscle moisture and general body hypermineralization with increasing 
salinity (0 25, 33 and 40% SW) (Woo and Tong, 1982). Under conditions of 
starvation, muscle water increased in rainbow trout {O. mykiss) (MacLeod, 1977a) 
with no significant difference between salinity except in 32.5ppt where it fell quite 
drastically inducing signs of distress. Woo and Fung (1981) reported that muscle 
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moisture in the marine teleost Chrysophrys major was constant down to 340m0sm/kg 
after which it elevated considerably. Muscle lipid however decreased appreciably in 
all salinities except full seawater. Woo and Fung (1981) also reported that muscle 
protein and glycogen were distinctly elevated upon acclimation to isosmotic conditions 
(340 mOsm/kg). As the liver is important with regard to the storage and metabolism 
of foodstuff, many researchers have undertaken work that allows them to determine 
changes in size and composition induced by salinity adaption and/or starvation. Jiirss 
et al (1986) found the hepatosomatic index (HSI) of O. mykiss under conditions of 
starvation to be unaffected by variation in salinity, a similar phenomenon being 
reported by Woo and Fung (1981) for red sea bream (C. major), HSI was shown to 
be influenced to a greater degree by temperature (Jiirss et aL 1987). This was not 
the case in the freshwater snakehead {O. maculatus) which suffered a marked 
reduction in HSI when acclimated to water of increasing salinity (Woo and Tong, 
1982). 
Researchers have found differences in liver composition to manifest in the 
form of: an apparent rise in soluble protein in isosmotic salinities (Jiirss et al” 1986 
for O. mykiss), an increase in total lipids in reduced salinities (Roche et al. 1989 for 
D. labarax), and under conditions of starvation; liver glycogen reduction between 470-
660 mOsm/kg, being maintained higher at both ends of the salinity scale (Woo and 
Fung, 1981 for C. major) or at the lower end of the salinity scale (Woo and Wu, 
1982 for Mylio macrocephalus). Liver glycogen depletion is negatively correlated 
with decreasing salinity in long-term starved red sea bream (C. major). Fish in an 
isosmotic medium exhibited a depressed rate of liver glycogen depletion (Woo and 
Murat, 1981). 
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Soengas et al, (1993) carried out a thorough study regarding the changes in 
red and white muscle carbohydrate metabolism in rainbow trout (O. mykiss) after 
transfer to SW. Glycogen levels fell in both types of muscle while glucose levels 
increased in red muscle and fell in white muscle. In white muscle 
phosphofructokinase (PFK) activity had increased. The same was not apparent in red 
muscle. As fructose 1,6-diphosphatase (FDPase) activity was lower in white muscle 
the supposition made is that in the white muscle of fish transferred to SW, glucose 
obtained by glycogenolysis is mainly used to provide energy in situ through 
glycolysis. 
B2.5.2 Haematological characteristics 
The study of haematological parameters has proved itself to be a rapid method 
of investigation when assesing the response of a fish to osmotic variations (see Woo 
and Fung, 1981; Woo and Murat, 1981; Woo and Tong, 1981; Woo and Wu, 1982). 
Bouef and Harache (1982) found that rainbow (Oncorhynchus mykiss) and 
brown (Salmo trutta) trout showed well-defined transitory osmotic modifications in 
blood plasma. These fish required a much longer period to effectively regulate ions 
than did anadromous species such as coho salmon (Onchorynchus kisutch) and sea-run 
brown trout {Salmo trutta). In contrast to the previous four species brook trout 
displayed a very pronounced osmotic disequilibrium after seawater contact which it 
appeared unable to control and as such died after 67 days exposure. In this case gill 
Na+-K+-ATPase activity did not reach a high value as it did in the other fish. Jackson 
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(1981) stated that high plasma osmotic concentrations in O. mykiss were shown to 
coincide with loss of appetite and eventually death. Abo Hegab and Hanke (1986) 
studied the electrolyte changes in O. mykiss (weight 40-60g) in more detail and found 
that plasma osmolality, Na+ Ca2+ and Mg2+ concentrations reached a maximum 24 
hours after the start of an acclimation to 85% seawater, with plasma osmolality, Na+ 
and Mg2+ concentrations being high during the whole acclimation period when fish 
were exposed to 85% seawater. In line with this the gill Na+-K+-ATPase increased 
during the acclimation period. In contrast to this O. mykiss acclimated to 40% 
seawater exhibited no plasma osmolality changes for nearly three days after which 
osmolality did increase but not to levels equivalent to external values. After seven 
days the internal osmolality of fish in all external salinities (40, 60 and 85% seawater) 
were at similar levels. If we assume the internal body fluids of O. mykiss to be 7.5ppt 
(or around 20% SW) (Rao, 1969), the data regarding acclimation to 40% SW, 
reported by Abo Hegab and Hanke (1986) seems to indicate a favourable response 
when O. mykiss are exposed to environments of intermediate salinity. Small O. mykiss 
(5-20g) are not, however, able to survive more than a few days in full strength 
seawater (Eddy and Bath, 1979). 
The euryhaline tilapia (Oreochromis mossambicus) could only tolerate an 
abrupt change in salinity of not over 12% seawater. O. mossambicus however, 
seemed to find a new steady state much faster than the previously discussed 
Oncoryhnchus mykiss, with plasma Na+ concentration and osmolality increasing for 
the first nine hours after transfer and then subsequently returning to a level 10% 
above normal (Assem and Hanke, 1981). Plasma glucose levels follow the same 
trends as do plasma Na+ and osmolality in O. mossambicus (Assem and Hanke, 
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1979). That is, upon transfer from FW to 72% seawater, plasma glucose reaches its 
highest level nine hours after acclimation again falling to a new steady state just 
above previous levels 48 hours after acclimation. As the fish were starved during the 
experimental period, tentatively speaking, this would indicate that the metabolic cost 
of osmoregulation would be greater in 72% SW (approximately 25ppt) than in FW 
(Oppt). In a euryhaline teleost of freshwater origin, such as O. mossambicus 72% 
SW would deviate further from its isosmotic point than FW (Oppt). Roche et al 
(1986) reported a peak in hyperglycemia one week after the progressive acclimation 
of Dicentrarchus labrax to a hypotonic medium (5ppt). The peak occurred as the fish 
were in BW of 17ppt. The fish displayed a return to a new steady state after three 
weeks acclimation when they had been in BW of 5ppt for approximately one week. 
This steady state was elevated approximately 20% above the initial levels in seawater. 
The fish displayed growth rates slightly superior to the control fish in seawater, 
however, unlike the previous case with O. mossambicus, these fish were fed during 
the whole experimental period, only being starved briefly prior to analysis. 
B2.6 Influence of salinity on protein requirements of fish 
The influence of salinity on the dietary protein requirement of fish is not a 
well studied phenomenon. Jurss et al (1985) conducted a very thorough study 
regarding the influence of salinity on the ratio of dietary lipid to protein fed to 
rainbow trout {Oncorhynchus mykiss). In this case a hyperosmotic salinity of 20ppt 
tended to inhibit growth unless a high protein ration is fed (60.4% protein). The most 
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efficient food conversion efficiency was found with fish kept in dilute SW (8ppt) and 
fed a protein rich diet (60.4% protein). A hyperosmotic salinity of 20ppt also had a 
negative effect on protein efficiency ratio (PER) and productive protein value (PPV). 
PER and PPV achieved their highest values for fish kept in diluted SW (8ppt). Fat 
conversion did not seem to be influenced by salinity. 
Glucose-6-phosphate dehydrogenase (G6P-DH) activities in the liver of 
rainbow trout were considerably higher in fish fed high protein diets (60.4% dietary 
protein), as opposed to fish fed lower protein diets (35.6 and 49.1% dietary protein) 
which were richer in lipid (19.6 and 9.1% dietary lipid respectively). This occurred 
regardless of salinity. It would seem then that G6P-DH activity in the liver of 
rainbow trout is not affected by salinity. In contrast to this higher G6P-DH activities 
were found in the livers of Xiphophorous maculatus (Fried and Schreibman, 1972) 
and Chrysophrys major (Woo and Murat, 1981) when kept in VaSW. Gill Na+-K+-
ATPase was also unaffected by food composition in rainbow trout, which supports 
an earlier view (Jurss et al. 1983) that a reduction in the activity of this enzyme can 
only be attributed to changes in respiration under such circumstances and not 
starvation. Zeitoun et al. (1972) found protein efficiency ratio (PER) in O. mykiss to 
be substantially influenced by dietary protein level and not by the salinity of the 
medium. These researchers also found that the minimum dietary protein requirement 
that allowed O. mykiss to achieve peak performance were 40 and 45% for salinities 
of 10 and 20ppt respectively. In other words the dietary protein requirement of O. 
mykiss was reduced by 5% when acclimated to water of lOppt instead of 20ppt. The 
same trend was not apparent with coho salmon {Oncorhynchus kisutch) smolts which 
had a dietary protein requirement of 40% regardless of salinity (Zeitoun et al. 1974). 
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However protein retention reached a maximum at a lower dietary protein level in a 
10 rather than a 20ppt environment. This indicated that dietary protein levels were 
of major consequence in the criteria measured, with salinity playing a minor role 
(Zeitoun et aL, 1974). The protein requirement of juvenile red drum {Sciaenops 
ocellatus) was, when fed to satiation, 44% (Daniels and Robinson, 1986). These fish 
were cultured in an ambient salinity of 5-6ppt. This requirement is substantially lower 
than that of the same species reared in seawater. In seawater the protein requirement 
of S. ocellatus is 50% (Lin and Arnold, 1983, in Daniels and Robinson, 1986). 
However Daniels and Robinson (1986) emphasize that as well as salinity, dietary 
composition and/or environmental temperature may be contributing variables. 
B2.7 Effect of salinity on digestion and digestive enzymes 
The homeostatic mechanisms that allow a euryhaline teleost to adapt to a new 
environmental salinity are quite diverse. When a euryhaline fish is transferred from 
a hypotonic medium to a hypertonic medium it will almost immediately start to drink 
copious amounts of water. Generally speaking NaCl is absorbed across the 
oesophagus, stomach and anterior intestine to be excreted via the gills, while water 
is absorbed in the posterior intestine (Shehadeh and Gordon, 1969, Mainyoa 1982). 
If a transfer occurs in the opposite direction then the fish will respond by ceasing to 
drink. The implications of the responses described have stimulated a transient interest 
in the effects they may have in the ability of cultured fish, exposed to varying 
salinities, to digest and assimilate artificial diets. Ring0 (1991) reported that the 
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Arctic charr {Salvelinus alpinus) reared in seawater displayed significantly lower 
digestibilities of lipid and protein, in a capelin roe diet, and lipid, in a commercial 
feed Similarly, Oncorhynchus mykiss, displayed an absorption efficiency that was 
negatively related to increasing salinity (MacLeod, 1977a). Usher et al. (1990) 
reported that under two feeding regimes, the digestion of nitrogen in Atlantic salmon 
(Salmo salar) smolts was 9-10% lower in SW-adapted smolts compared with FW-
adapted smolts. In more detail, feeding to excess 4 hours daily resulted in a FW 
nitrogen digestibility of 96.3% with SW being 87.4% while feeding to excess 
continuously resulted in a FW nitrogen digestibility of 85.9% with SW being 77.3%. 
The authors found no significant differences in the proteolytic enzyme activities of 
FW and SW fish and as such attribute the changes in nitrogen digestibility to changes 
in rates of evacuation. A similar trend was apparent in milkfish (Chanos chanos) kept 
in SW and FW (Ferraris et al., 1986). In this case fishmeal had digestibility 
coefficients of 22-87% and 74-95% in SW and FW respectively. As the intestinal 
passage time was significantly faster in SW than in FW the authors again attributed 
the differences in digestion largely to food motility changes necessitated by 
osmoregulatory processes. DeSilva and Perera (1984) found salinity to have no 
significant effect on the digestibility of experimental diets with protein rations varying 
from 9.6 to 30.4% in tilapia {Oreochromis niloticus). Fang and Chiou (1989) found 
that the potency of digestive proteases in O. niloticus were similar in both FW and 
SW when assayed in a high salt medium (30% NaCl). O.niloticus used in the study 
grew 60% slower in SW than in FW and this would seem to indicate, as does the data 
from Usher et al (1990) that supressed growth in SW is not due to the inefficiency 
of digestive enzymes. Alliot et al (1983) reported trypsin-like activity in the digestive 
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tract of sea bass (Dicentrarchus labrca) juveniles to be low when both the temperature 
and the salinity was low. These fish also displayed poor growth rates. 
B2.8 Cortisol and osmotic adjustment 
Post-adrenalectomized euryhaline eels lose their ability to maintain water and 
electrolyte balance (Chester Jones et al, 1969). Originating from the adrenal cortex 
is Cortisol, a corticosteroid essential for normal osmoregulatory function in both FW 
and SW. After transferring a euryhaline species of fish, Oreochromis mossambicus, 
from freshwater to diltue SW (72%), the plasma Cortisol concentration increased after 
30 minutes and 2 hours, while at the same time plasma Na+ and osmolality were 
adjusted to higher levels (but still lower than the external medium). The plasma Na+ 
concentration and osmolality increased during the first 9 hours after transfer and then 
returned to levels approximately 10% above normal, while Cortisol levels reduced 
to normal 6 hours after transfer (Assem and Hanke, 1981). Similarly when euryhaline 
sea bass {Dicentrarchus labarax) are transferred from SW to a dilute SW medium 
(5ppt) plasma Cortisol levels are greatly increased, gradually returning to a steady 
state which is around three times greater than fish in SW (Roche et al, 1989). The 
changes in plasma Cortisol levels during adaptation from FW to dilute SW {p. 
mossambicus) or SW to dilute SW (D. laharax) will also result in a parallel increase 
in plasma glucose levels (hyperglycemia) due to several reasons: (1) elevation is 
necessary for increased metabolic demand, (2) elevation is the result of water loss 
without any change in the absolute amount of glucose (applicable to the latter example 
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only), (3) the increase is necessary for the adjustment of the internal milieu to higher 
or lower osmolality, making use of the osmotic pressure of the glucose molecules 
(Assem and Hanke, 1979). In the case of a stenohaline teleost, common carp 
{Cyprinus carpio) plasma Cortisol levels increased during acclimation from FW to 
dilute SW (14ppt), increasing significantly 3 hours after introduction to the new 
medium and reaching a peak 72 hours after introduction. Cortisol levels returned to 
normal after 7, 14 and 30 days of acclimation. Glucose, in contrast, although 
increasing sigificantly throughout the adaptation period, did not regulate back to FW 
levels even after 30 days. If fish were transferred from dilute SW (15ppt) back to FW 
the plasma glucose concentration would show an initial increase after 3 hours, then 
regulate back to FW values while no change would occur in plasma Cortisol when 
compared to control fish in FW (Abo Hegab and Hanke, 1984). While Cortisol has 
obvious effects on the carbohydrate metabolism of fish, it also promotes 
gluconeogenesis causing protein catabolism and/or growth inhibition (Chester Jones 
et al, 1969). Chan and Woo (1978) demonstrated that a single injection of Cortisol 
(1 mg/kg) in the eel {Anguilla japonica) resulted in increased O! consumption and 
ammonia excretion rates in both hypophysectomized and intact fish. In addition 
hypophysectomized fish displayed a rapid increase in blood glucose levels 
accompanied by a continued rise in serum a-amino acids. Hepatic glucose-6-
phosphatase (G-6-Pase) and friictose-l,6-diphosphatase (FDPase) activities are also 
elevated indicating enhanced gluconeogenic activity. Liver gluconeogenesis and 
carbohydrate metabolism together with evidence of enhanced lipolysis were observed 
in European eels {Anguilla anguilla) receiving intraperitoneal injections of Cortisol 
(5mg/kg body weight) daily for 14 days (Lidman et al, 1979). The same species, 
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exposed to the same experimental regime, was also reported to display a stimulated 
utilization of fatty acids for energy purposes (Dave et al., 1979). Cortisol 
administration in the form of slow-release intraperitoneal implants caused significant 
treatment effects in brook chair (Salvelinus fontinalis) which again were indicative of 
direct or indirect gluconeogenic action (Vijayan et al. 1991). 
B2.9 Conclusion 
A diminished metabolic cost of osmoregulation has been proposed to occur in 
some fish species when reared in an isosmotic environment (Canagaratnam, 1966; 
Lotan, 1966; Febry and Lutz, 1987). This phenomenon, in part at least, has been 
implicated in the enhanced growth rate of selected teleost species (see Table 2.2) 
reared under such conditions. The present study was conducted in order to fill a 
relative gap in the, already abundant, literature available on teleostean adaptation to 
varying salinities. With regard to nutrition, literature is available on the response of 
fish acclimated to different salinities and: (1) fed a single diet to assess growth 
performance (Alliot et al, 1983; Dendrinos and Thorpe, 1985; McKay and Gjerde, 
1985; McCormick et al• 1989; Usher et al. 1991; Wurts and Stickney, 1993; 
Duston, 1994), (2) fed or starved in order to assess growth and various biochemical 
parameters (Jurss, 1979; Jurss et al,’ 1983, 1985, 1986 and 1987; Bastrop et aL, 
1992) 3) offered varying levels of a single dietary intake in order to assess food 
conversion and, ultimately, growth (Kinne, 1960; McLeod, 1977a; McCormick et al., 
1989) and (4) fed varying levels of dietary protein to assess food conversion and 
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growth only (Zeitoun et al. 1973 and 1974; DeSilva and Perera, 1985). It would then 
seem that no thorough study has been conducted in order to elucidate any interaction 
of dietary composition and salinity adaptation with respect not only to food 
conversion and growth, but also to alterations in the metabolism of a fish and the 
effects of different levels of nutritional status. Due to the controversial nature of the 
available literature with regard to all aspects of salinity adaptation (refer to chapter 
2, Part B, and Table 2.2), and the propensity toward the use of experimental fish that 
are freshwater in origin, a study regarding salinity adaptation in relation to nutritional 
status of a marine teleost can only be a beneficial contribution. 
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Chapter 3 Materials and methods 
3.1 Culture conditions 
Golden-line seabream {Spams sarha) were obtained from local sea cages and 
upon arrival were weighed and placed in 5 ton recirculating sea water tanks. The fish 
were distributed into groups in a manner so as to stratify their weights. Assuming 
relative growth occurred within groups, future identification of individual fish was 
possible. Seven to eight fish were assigned to each group. The initial weights of the 
fish ranged from about 200-400g. Where reduced salinities were used the fish were 
gradually acclimated to the new condition over a period of 2-3 days by slowly 
reducing the salinity of full strength sea water (33-35ppt), with the addition of fresh 
water (Oppt), until the desired level was reached. Each experiment involved the use 
of one of three salinities; 35, 15 or 7ppt. The tanks were kept constantly aerated. 
Temperature, salinity, pH and dissolved oxygen were monitored throughout the 
experimental period. Temperature was kept relatively constant at 20-25 C, using 
immersion heaters when appropriate. Dissolved oxygen ranged from between 6-7 ppm 
and pH between 7.7 and 8 throughout all the experiments. The tanks were outdoor 
and as such the fish received a natural photoperiod. Water was changed on alternate 
days. The fish were fed a 2% body weight ration for 45 days, during which time 
experiments that need be conducted on live fish were carried out: ammonia excretion 
rate, oxygen consumption and faecal collection (via manual stripping). Fish weights 
were normally recorded in a manner that coincided with the said experiments. This 
reduced fish handling and therefore minimised handling stress. 
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3.2 Composition of experimental diets 
Six semi-purified experimental diets were formulated. Dietary protein 
increased in increments of five percent resulting in six diets ranging from 30% to 
55% protein. Attempts were made to keep the diets calorifically balanced. Dietary 
ingredients were as follows: 
3.2.1 Dietary protein 
The sole protein source used was white fishmeal. Fishmeal is generally 
undisputed in its suitability for such experiments for two reasons: (1) it has given 
many research workers good results in the past (Jauncey, 1982; Coloso et al.’ 1988; 
Burgos et al. 1989; Shiau and Huang, 1989; Santiago and Reyes, 1991), and (2) its 
amino acid profile closely resembles that of the known requirement of many fish 
(Ogino and Hanri, 1980; Ogino, 1980; Wilson and Cowey, 1985; Gatlin, 1987; 
Borlongan, 1991, 1992). Before any diets were formulated the fishmeal was subjected 
to a proximate analysis to obtain values for moisture, protein, lipid and ash (Table 
3.1). The level of fishmeal added to the diet was calculated so as to give the desired 
dietary protein ration (Table 3.2). 
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Table 3.1 Proximate analysis of white fishmeal. 
Parameter Method Composition (%) 
Moisture 105°C for 12 hours 10.59 0.07 
Protein Kjeldhal (N X 6.25) 61.69 1.53 
Lipid Ether extraction 3.01 0.28 
Ash 550°C for 12 hours 20.47 0.74 
Data expressed as mean values S.E. (n = 4). 
3.2.2 Dietary carbohydrate 
Dextrin was used as the dietary carbohydrate source. Dextrin is formed when 
starch is subjected to a dry heat and is an intermediate product in the sequence: 
Starch — Dextrin Maltose — Glucose 
Dextrin has been used in growth studies involving the red sea bream 
{Chrysophrys major) (Furuichi and Yone, 1980) where it was found to be acceptable 
at levels of up to 30% dietary composition. Dextrin was also found to be an 
acceptable carbohydrate source in diets for red sea bream (C. major) (Furuichi and 
Yone, 1982b). Dextrin has been used in a comparative analysis of test diets for 
gilthead sea bream (Sparus auratus), appearing in four out of the five test diets 
investigated (Kissil and Koven, 1987) and in test diets for black sea bream (Mylio 
macrocephalus) (Liu et aL, 1992). Dextrin was added to the present experimental 
diets so as to replace a decreasing protein ration and aid in the energetical balance of 
the diet (Table 3.2). 
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3.2.3 Dietary lipid 
Lard and partially hydrogenated soybean and cottonseed oil used in this study 
were the most suitable lipid sources available. However, this is not an ideal situation 
as carnivorous marine fish such as the red sea bream {Chrysophrys major), black sea 
bream (Mylio macrocephalus) and gilthead sea bream (Spams aurata) tend to have 
requirements for lipids of marine origin (Kanazawa, 1985; Tacon, 1990; Koven et 
al. 1992), due 
Table 3.2 : Composition of experimental diets (g/lOOg) 
Ingredient Diets 
30% 35% 40% 45% 50% 55% 
While fishmeal 52 60 67.63 75.15 82.66 90 
Dextrin 29 21 14.37 6.85 1.04 / 
Vegetable oil* 6 6 6 6 6 2 
Lard 4 4 4 4 2.5 1 
Vitamin mixO 2 2 2 2 2 2 
Mineral mixO 5 5 4 4 3.8 2.5 
Chromic oxide 0.5 0.5 0.5 0.5 0.5 0.5 
Binder 1.5 1-5 1-5 ^^ 2 
Total 100 100 100 100 100 100 
* Partially hydrogenated soybean and cottonseed oil 
• & modified from Jauncey (1982),(see Tables 3.3 and 3.4) 
• Carboxymethyl cellulose (sodium salt/medium viscosity) 
to the greater availability of highly unsaturated fatty acids (HUFA). Lipid was added 
to the diets at a fixed level, 10%, except at high protein rations where the formula 
had to be altered in order to accommodate high levels of protein. The lipid 
component of the fishmeal itself slightly compensated for this. 
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3.2.4 Dietary vitamins 
The vitamin mix (Table 3.3) was modified from Jauncey (1982) with the 
incorporation of vitamin K (menadione) and vitamin A (retinol palmitate) according 
to Halver (1972). Although the fundamental vitamin mix was formulated for use in 
a test diet fed to tilapia, with the modifications, it more than satisfies all the 
provisional recommendations outlined by New (1986) for vitamin levels in feeds 
designed for marine Percoidae. 
Table 3.3 :Composition of dietary vitamin mix (Modified from Jauncey, 1982). 




Pantothenic acid 3.94 
Inositol 7.1 
Folic acid 0.054 
Choline chloride 32.24 
Niacin (nicotinic acid) 2.66 
B12 (cyanocobalamin) 0.334 
Vit.E (^-tocopherol) 1.417 
Vit.C (ascorbic acid) 3.934 
Vit.K (menadione)* 0.078 
Biotin (Vit.H) 0.020 
Retinol palmatate (Vit.A)* TRACE 




3.2.5 Dietary minerals 
The mineral mix (Table 3.4) was modified from Jauncey (1982). Modifications 
were made according to the availability of chemicals. Sakamoto and Yone (1978c) 
found trace element supplementation in a purified test diet for red sea bream 
(Chrysophrys major) unnecessary when the trace elements exist at levels exceeding 
0.20mg Al, 2.43mg Zn, 1.78mg Mn, O.Slmg Cu, 0.43mg Co and 11.21)ug I per 
lOOg diet. Sakamoto and Yone (1979a) also found supplementation of dietary 
magnesium in purified test diets for red sea bream (C. major) non-essential when Mg 
exists at levels exceeding 12mg per lOOg of diet. When red sea bream (C, major) 
were exposed to purified test diets containing no supplemental mineral mixture, 
deficiency syndromes were only recorded with regard to iron and phosphorus 
(Sakamoto and Yone, 1979c). 
Table 3.4 : Composition of mineral mix (Modified from Jauncey, 1982). 
Mineral Level of incorporation (g/lOOg) 
Calcium hydrogen orlhophosphale 68.82 
Calcium carbonate (white limestone) 5.45 
Magnesium carbonate 9.06 
Ferrous sulphate 2.99 
Potassium chloride ^-
Sodium chloride 
Aluminium sulphate 0.02 
Zinc sulphate 0.398 
Copper sulphate 0.097 
Manganese sulphate 0.27 
Sodium iodale . ^ 
Cobalt chloride " 
Total ^ 
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3.2.6 Chromic oxide 
Chromic oxide (CrjOj) is an inert physiological marker, added at a fixed level 
in all the experimental diets in order to ascertain the respective total digestibility of 
each diet. 
3.2.7 Binder 
The binder used was carboxymethyl cellulose (sodium salt/medium viscosity) 
(CMC). It is added to the diet in order to strike a balance between the palatability and 
water stability of subsequent pellets. 
All the dry ingredients were added together in the correct proportions. These 
ingredients were finely sieved in order to ensure thorough mixing. The lipid 
component was melted in warm water, added and mixed. All ingredients were then 
kneaded into a moist dough after the addition of water. The dough was run through 
a modified meat mincer resulting in pellets of around 0.5cm diameter. Pellets were 
dried to a constant weight and stored at 0-4 °C until use. 
60 
3.3 Proximate analysis of experimental diets 
A proximate analysis of the fishmeal used (Table 3.1) and each experimental 
diet (Table 3.5) was carried out using the following techniques: 
3.3.1 Moisture 
Samples were dried at 105°C for 12 hours, subsequently allowed to cool in 
a desiccator, and weighed. Moisture (%) was calculated by weight difference; 
Sample wetwdght - Sample 
Dry weight 
Moisture x 100 
(%) Sample • weight 
3.3.2 Lipid 
The crude lipid content of a sample was determined gravimetrically via solvent 
extraction. Dried samples, (see moisture determination), were immersed in petroleum 
ether for 2-3 days, after which all solvent was decanted off. The sample was re-dried 
at 105 C for 12 hours, allowed to cool in a dessicator, and weighed. Lipid (%) was 
calculated by weight difference: 
Sample wi ‘ Sample d^ i>osi-ether m 
T. . , X 100 
Lipid = 
(%) Sample Wet Wl 
6 1 
3.3.3 Protein 
The crude protein content of a sample was measured using the Kjeldahl 
method. Total nitrogen content of a sample was measured and then converted to a 
total crude protein value by multiplication with the empirical factor 6.25 (Tacon, 
1990). Total nitrogen content in samples were measured using an ammonium 
electrode (Model 9512, Orion Research Incorporated) after Kjeldhal acid digestion 
according to Pels and Veatch (1959). Protein (%) was calculated using the following 
equation: 
Sample Nitrogen x 6.25 
Protein = x 100 
(%) Sample Wet wi 
under the assumption that all nitrogen present is protein nitrogen and that 16% 
of all protein is nitrogen. 
3.3.4 Ash 
The ash content of a sample is the inorganic residue remaining after the 
organic matter has been destroyed by combustion in a furnace (Tacon, 1990). 
Samples were ashed for 12 hours at 600 C in a Carbolite electric furnace, 
subsequently allowed to cool in a desiccator and weighed. Ash (%) was calculated by 
weight difference: 
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Sample wei wcigiu - Sample posi-ashmg weight 
Ash = 100 - ( X 100) 
Sample Wet weight 
3.3.5 Nitrogen free extractives (NFE) 
NFE is an indirect measure of "soluble" or "digestible" carbohydrate present 
within a sample (Tacon, 1990). NFE is calculated by subtracting the sum of the 
samples; moisture, lipid, protein, ash and non-digestible carbohydrate/roughage 
(CMC), from 100. 
3.3.6 Metabolizable energy (ME) 
Metabolizable energy is the indirect calculation of gross (total) energy of each 
energy food component corrected for digestibility, and that of protein also corrected 
for energy lost in the nitrogenous excretory products (Jobling, 1983). Metabolizable 
energy was calculated via the use of caloric conversion terms. That is the energy 
content of a material is assessed indirectly by applying the following terms to the 
appropriate components previously analysed (Phillips, 1972): 
me of protein 3.9 kcal/g 
ME of lipid 8.0 kcal/g 
ME of carbohydrate = 1.6 kcal/g 
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The terms refer to values that were assessed regarding salmonids and for diets 
in which the carbohydrate content was largely in the form of raw starch. Foods that 
contain partially digested starches (dextrins) would have a higher value for the 
digestibility of carbohydrate and therefore a higher ME (Phillips, 1972). 
Table 3.5 : Proximate analysis of experimental diets. 
Parameter Diets 
30% 35% 40% 45% 50% 55% 
Moisture 14.01 9.42 9.23 12.62 9.86 7.68 
( % ) 0 . 0 7 0 . 5 0 0 . 6 3 0 . 2 8 0 . 4 3 ± 0 . 1 6 
Protein 32 .02 35.34 40.58 47.94 50.45 58.24 
( % ) 0 . 2 7 0 . 7 6 ± 1 . 3 3 0 . 3 6 2 . 1 0 ± 2 . 1 9 
Lipid 9 .07 9.88 10 10.04 9 .10 5.78 
( % ) 0 . 4 8 0 . 2 8 0 . 1 4 0 . 6 4 0 . 7 8 ± 0 . 1 6 
Ash 14.38 15.67 17.10 17.91 19.93 2 L 1 8 
( % ) 0 . 2 5 0 . 7 0 ± 0 . 4 1 ± 0 . 2 5 0 . 1 4 ± 0 . 2 6 
N F E _ 29 .02 28.19 21.59 9.99 9.16 5.12 
Metabolizable* i r , 
energy (kcal/g) 244 ^ ^ ^ ^ ^ 
* Estimated using 3.9 kcal/g protein, 8.0 kcal/g lipid, 1.6 kcal/g carbohydrate. Phillips (1969) 
• Nitrogen Free Extractives (NFE) 
All data expressed as a mean value S.E. (n = 3) 
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3.4 Dietary evaluation criteria 
3.4.1 Growth rate 
Growth rate over the experimental period is expressed as specific growth rate 
(SG) (%/day) using the following equation modified from Hepher (1988): 
Wt — Wo 
SG (%/day) = x 100 
Wo X (t - g 
Where; 
Wt is weight at time of observation 
W is initial weight 
t - to is the period under study expressed in days 
3.4.2 Protein efficiency ratio (PER) 
Protein efficiency ratio (PER) is perhaps one of the most used terms in the 
evaluation of proteins in feeds. It is defined as the ratio between the weight gain of 
fish and the amount of protein cons ed (Hepher, 1988). PER is calculated using the 
following equation according to Hepher (1988): 
Weight gain (g) 
PER 
Protein intake (g) 
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3.4.3 Food conversion ratio (FCR) 
Food conversion ratio was calculated using the following equation (Utne, 
1979) where feed intake is defined as feed offered to the fish during the experimental 
period. 
Feed intake (g) 
FCR 
Weight gain (g) 
3.4.4 Feed conversion efficiency (FCE) 
Feed conversion efficiency was calculated using the following equation (Utne, 
1979), where feed intake is defined as feed offered to the fish during the experimental 
period. 
Weight gain (g) 
FCE —— 
Feed intake (g) 
3.5 Digestibility 
Fish were manually stripped of faeces at appropriate intervals after feeding. 
Faeces were stored at -20 C until further analysis. Chromic oxide in feed and faeces 
was determined according to Furukawa and Tsukahara (1966). Digestibility was then 
calculated according to Talbot (1985) using the following equation: 
indicator in feed (%) 
Total digestibility = 100-(100 x — ^ ) 
^ indicator in faeces (%) 
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3.6 Metabolism 
3.6.1 Ammonia excretion 
Post-prandial, individual, fish were isolated in 18 litre opaque plastic tanks, 
in water of the appropriate salinity and allowed to acclimate for 2 hours. An initial 
water sample was taken and further water samples at 30 minute intervals. Ammonia 
content in water was determined according to Parsons et al. (1984) and ammonia 
excretion rates calculated as follows: 
(Ct - Co) X V 
Excretion rate = 
(jLtmole/kg/min) t x W 
Where; 
Co is the ammonia concentration (in /xmole) at time zero 
Ct is the ammonia concentration (in jumole) at time t 
V is the volume of system in litres 
W is the weight of the fish in kg 
t is the time between samples in minutes 
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3.6.2 Oxygen consumption 
Post-prandial, individual, fish were isolated in 18 litre opaque plastic tanks, 
in water of the appropriate salinity and allowed to acclimate for 4 hours. Water was 
fully aerated during the acclimation period. A water sample was taken and the tanks 
were sealed air tight, without aeration, for a duration of 20 minutes, after which a 
second water sample was taken via a syringe, without exposure to air. Dissolved O2 
in sea water was determined according to Parsons et al. (1984) and O2 consumption 
calculated using the following equation: 
(To - T J x V 
Oxygen consumption = 
(ml/kg/hr) t x W 
Where; 
To and refer to initial and final concentrations of O2 in the water in ml/1 
V is the volume of the system in litres 
t is the experimental time duration in hours 
W is the weight of the fish in kg 
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3.7 Biochemical analysis 
After 45 days all fish were sampled, blood samples were taken via a syringe 
inserted into the caudal vessels. The fish were then killed by spinal transection. The 
body cavity was opened and the following organs removed and weighed, allowing the 
calculation of organ indices: liver, viscera (including heart), kidney and gonads. The 
intestine was washed with ice-cold physiological saline solution (0.8% NaCl w/v) to 
clear any residual feed or faecal matter. A flank of muscle was also removed from 
each fish. Intestinal, liver and muscle samples were stored at -70°C until further 
analysis. 
3.7.1 Organ indices 
Hepatosomatic index (HSI) 
Hepatosomatic index (HSI) is calculated using the following equation: 
Weight of liver (g) 
HSI X 100 
Weight of fish (g) 
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Viscerosomatic index (VSl) 
Viscerosomatic index (VSI) is calculated using the following equation, where 
the weight of the viscera includes the heart but excludes the liver, kidney and gonads: 
Weight of viscera (g) 
VSI = X 100 
Weight of fish (g) 
Renosomatic index (RSI) 
Renosomatic index (RSI) is calculated using the following equation: 
Weight of kidney (g) 
RSI X 100 
Weight of fish (g) 
Gonadosomatic index (GSl) 
Gonadosomatic index (GSI) is calculated using the following equation: 
Weight of gonads (g) 
GSI X 100 
Weight of fish (g) 
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3.7.2 Serum metabolites 
3.7.2.1 Collection of serum 
Prior to spinal transection blood was collected via the caudal vessels by 
inserting a syringe into the midline of the body posterior to the cloaca. Blood was 
allowed to clot at room temperature and then centrifuged. Serum, the clear 
supernatant, was then pipetted into a clean micro-centrifuge tube and stored at -70 
until further analysis. 
3.7.2.2 Serum ions 
Serum sodium, potassium and calcium levels were determined, after 
appropriate dilutions (Na+: lOjul in 5ml double distilled water, K+: 50/^ 1 in 5ml 
double distilled water and Ca^^: 50/xl in 5ml double distilled water), using a flame 
photometer (PHF 90D, ISA). Serum chloride levels were determined, via titration, 
using a chloride meter (Corning-eel 920), conductivity being measured by an 
electrode after the addition of a 20^1 sample/standard directly into an acid buffer, the 
composition of which is as follows: 
Polyvinyl alcohol (0.9% w/v) 
Glacial acetic acid (10% w/v) 
Nitric acid (0.64% w/v) 
NaCl (0.004% w/v) 
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3.7.2.3 Serum protein 
Serum total protein was measured according to Lowry et al, (1951) as 
modified by Hartree (1972). 5jul aliquots of serum were used for the assay and a 
standard curve constructed using bovine serum albumin. 
3.7.2.4 Serum a-amino acids 
Serum a-amino acids were measured using a ninhydrin reaction according to 
Matthews et al. (1964). Leucine was used for the stock standard amino-acid solution 
(200mg/100ml). 
3.7.2.5 Serum ammonia 
Serum ammonia levels were measured based on the principle of reductive 
amination of 2-oxoglutarate, using glutamate dehydrogenase (GLDH) and reduced 
nicotinamide adenine dinucleotide phosphate (NADPH) as follows: 
GLDH 
2-Oxoglutarate + NH3 + NADPH Glutamate + NADP 
The assay required a 50^1 serum aliquot. 
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3.7.2,6 Serum glucose 
Using a 20/xl serum sample, serum glucose levels were measured by a coupled 
glucose oxidase-peroxidase reaction (Sigma procedure 510); the procedure is based 
upon the following coupled enzymatic reactions, wherein glucose oxidase catalyzes 
the oxidation of glucose to gluconic acid and hydrogen peroxide. The hydrogen 
peroxide in turn is acted upon quantitatively by the peroxidase which catalyzes the 




Glucose + H2O + O2 Gluconic acid + H2O2 
peroxidase 
H2O2 + ortho-dianisidine oxidized o-dianisidine 
(colourless) (brown) 
The intensity of the brown colour is a quantitative measure of the original glucose 
concentration and is measured spectrophotometrically at 450nm. 
3.7.2.7 Serum lipids 
Total serum lipids were measured via the sulphophosphovanillin reaction 
according to Woodman and Price (1972). Prior collection of serum from specimens 
of Spams sarba allowed lipid standards to be quantified according to the guidelines 
of the same authors. 
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3.7.2.8 Senim hormones 
Serum Cortisol and thyroxine (T4) levels were measured using ^^^I-cortisol 
radioimmunoassay kit (ICN Biomedicals Incorporation) and radioimmunoassay 
kit (ICN Biomedicals Incorporation) respectively. lOfxl of serum and 1ml ^^^I-cortisol 
(40,000 cpm) were added to the anti-cortisol-coated tube and subsequently incubated 
at 37°C for one hour. After decanting the supernatant, ^^^I-cortisol bound to the 
antibody coated tube was measured in a gamma counter. IOO l^iI serum and 1ml 
(50,000 cpm) were added to the anti-TfCoated tube and subsequently incubated for 
one hour at 3 7 T h e supernatant was this time decanted after centrifugation at 
5,000g for one hour and the I-T4 bound to the antibody-coated tube was counted 
in a gamma counter. 
3.7.3 Proximate analysis of white muscle 
Analysis of muscle moisture, lipid and ash is as described previously (see 
section 3.3) 
Moisture 105 C for 12 hours 
Lipid Ether extraction 
Ash 550°C for 12 hours 
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3.7.4 Analysis of hepatic tissue 
3.7.4.1 Proximate analysis 
Analysis of moisture and lipid are as described previously (see section 3.3); 
Moisture 105°C for 12 hours 
Lipid Ether extraction 
Protein N x 6.25 
N.B. Liver protein is analysed using the same principle as previously described, N 
X 6.25. Muscle samples are digested according to Pels and Veatch (1959), however, 
protein nitrogen is measured as ammonia using an automatic ion analyzer (Lachat 
instruments). 
3.7.4.2 Liver glycogen 
Liver glycogen is determined according to Murat and Serfaty (1974). After 
homogenizing an appropriate amount (lw:50v) of tissue in ice-cold citrate buffer 
(O.IM, pH 4.2) 20/xl aliquots of crude liver homogenate were used for immediate 
determination of free glucose. 100/xl of enzyme solution (amylglucosidase in citrate 
buffer pH 4.2 : 2mg/ml) was added to 200/xl crude homogenate and incubated 
overnight at room temperature. A 20/il aliquot of post-incubated crude homogenate 
was then used to measure total glucose. Total polysaccharides (glycogen) were 
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calculated by difference: 
Total polysaccharides = Total Glucose - Free Glucose 
(Glycogen) 
For glucose measurements refer to Sigma procedure 510 as described in the previous 
section (3.7.2.6, serum glucose). 
3.7.4.3 Hepatic enzymes 
Liver samples (200-300mg) were homogenized in ice-cold 0.8% physiological 
saline solution (lw:9v) using an Utra-turrax homogeniser. The homogenate was 
centrifuged at 5250 r/miir^ using a Hettich EBA 30 centrifuge and the supernatant 
used for further analysis. All enzyme activities were assayed at 25 
3.7.4.3.a Glucose-6-phosphatase (G-6-Pase) 
Gliicose-6-phophatase was analysed according to Baginski et al (1974). The 




Cacodylate buffer (O.IM; pH 6.5) 
Phosphate standard solution (1.5mM) 
(Dilute 1ml to 100ml with sucrose solution for working standard) 
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Ascorbic acid/trichloroacetic acid (2%/10% w/v) 
Ammonium molybdate (1% w/v) 
Arsenite/citrate (each 2% w/v) 
The principle of the assay is as follows: 
GGPase 
G-6-P + H2O Glucose + Pj 
Inorganic phosphate liberated is determined with ammonium molybdate; 
ascorbic acid is used as the reducing agent. Excess molybdate is bound with an 
arsenite-citrate solution, so that it can no longer react with other phosphate esters or 
with Pi formed by acid hydrolysis of the substrate. Arsenite-citrate stabilizes the 
system. The amount of phosphate liberated per unit time, determined as the blue 
phosphomolybdous complex at 700nm, is a measure of the G-6-Pase activity. The 
assay system begins by equilibrating 0.1 ml sucrose/EDTA solution, 0.1 ml G-6-P 
solution and 0.1 ml cacodylate buffer at 25 C after which 0.1 ml of sample is added. 
The solutions are incubated for 10 minutes and the reaction stopped via the addition 
of 2.0 ml ascorbic acid/TCA solution. The solution is mixed and centrifuged at 3000 
r/min-i 3 minutes. The resulting supernatant is used for the following analysis. 
To 1.0 ml supernatant fluid is added 0.5 ml molybdate solution, followed by 
the addition of 1.0 ml arsenite-citrate solution. The O.D. is recorded at 700nm after 
15 minutes. A control containing sample, a standard and a reagent blank were run for 
each series of measurements. All tubes as described previously, except in the reagent 
blank sample was replaced with sucrose/EDTA solution, in the standard, sample was 
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replaced with phosphate standard and in each of the tissue controls the sample was 
added after the addition of ascorbic acid/TCA solution. The amount of phosphate 
liberated from G-6-P is calculated by reference to the standard, activity being 
calculated according to the Lambert-Beer law. 
3.7.4.3.b Glucose-6-phosphate dehydrogenase (G6P-DH) 
Glucose-6-phosphate dehydrogenase activity was analysed according to Lohr 
and Waller (1974) with some minor modifications. The solutions used were as 
follows; 
Triethanolamine buffer (50mM; pH 7.5) 
Glucose-6-phosphate (ca. 40mM G-6-P) 
Nicotinamide-adenine dinucleotide phosphate (ca. 30mM jS-NADP) 
The assay works on the principle that the rate of formation of NADPH is a 
measure of the enzyme activity and it can be followed by means of an increase in 
O.D. at 340nm. 
G6P-DH 
G_6-P + NADP+ — 6-phosphogluconate + NADPH + H+ 
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25W of sample was added to 2.40 ml equilibriated (25 C) buffer to which 
NADP solution was added. This was incubated for 5 minutes and 50/xl G-6-P 
solution added. The initial O.D. was recorded and again at 1, 2 and 3 minutes. The 
mean O.D. increase per minute was used for subsequent calculations of enzyme 
activity; the samples were read against a blank containing buffer solution instead of 
NADP solution. 
3.7.4.3.C Hexokinase 
Hexoldnase activity was analysed according to Bergmeyer et al. (1974). The 
solutions used were as follows; 
Triethanolamine buffer (50mM; pH 7.6) 
Glucose solution (lOOing/ml in buffer) 
Magnesium chloride (O.IM M g C y 
Nicotinamide-adenine dinucleotide phosphate, sodium salt (lOmg/ml) 
Adenosine 5'-triphosphate, sodium salt (lOmg/ml) 
Glucose-6-phosphate dehydrogenase (Approx. 0.2U//xl) 
The assay works on the principle that the rate of formation of NADPH is a 
measure of the enzyme activity and it can be followed by means of an increase in 
O.D. at 340nm; 
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HK 
D-Glucose + ATP D-Glucose-6-P + ADP 
G6P-DH 
D-Glucose-6-P + NADP+ D-Gluconate-6-P + NADPH + H+ 
The assay mixture was constructed by the addition of relevant amounts of the 
above solutions in the above order to test tubes in a 2 5 w a t e r bath. The assay 
mixture was allowed to equilibrate followed by the addition of SO i^l sample to start 
the reaction. O.D. was initially recorded and subsequently at 1, 2 and 3 minutes. The 
mean O.D. increase was used to calculate enzyme activity according to the Lambert-
Beer law. 
3.7.5 Intestinal enzymes 
Intestine samples were rinsed a second time using ice-cold 0.8% physiological 
saline solution. Any fat tissue that surrounded the intestine was carefully removed. 
The area chosen for analysis, and subsequently separated from the rest of the 
gastrointestinal tract, was the alimentary canal posterior to the pyloric caeca. The 
pyloric caeca were not included in the analysis. 
After blotting for excess water all samples were weighed and homogenized in 
3.0 ml ice-cold 0 .8% physiological saline solution using an Ultra-turrax homogeniser. 
The sample was then centrifuged at 5250 r/min- using a Hettich EBA 30 centrifuge. 
The supernatant was used for subsequent experiments. All enzyme activities were 
assayed at 25°C. 
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3.7.5.1 7-Glulamyltranspeptidase (7-GT) 
7-Glutamyltranspeptidase was analysed according to Szasz (1974), with some 
minor modifications. The solutions used are as follows: 
Ammediol buffer (50 mM, pH 9.3) 
Substrate solution (4.2 mM L-7-glutamyl-p-nitroanilide; 
52.5 mM glycyglycine; 0.5 mM MgCl ). 
20/Ltl of sample is added to 2.0 ml equilibriated (25°C) substrate solution. 
Optical density (O.D.) is measured at time zero and again after 1,2 and 3 minutes. 
The principle is that 7-GT activity is directly proportional to the amount of p-
nitroaniline liberated per unit time. Enzyme activity is expressed /imole/min/g 
according to the Lambert-Beer law. 
3.7.5.2 Trypsin 
Trypsin activity was determined according to Rick (1974) with some minor 
modifications. The principle is to follow the absorption of N«-p-toluenesulfonyl-L-
arginine methyl ester spectrophtometrically at 247 nm over an incubation period of 
3 minutes. The solutions used are as follows: 
TRIS buffer (46 mM; pH 8.1; 11.5 mM CaCl?) 
N„-p-Toluenesulonyl-L-arginine methyl ester (10 mM) 
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0.3ml N„-p-Toliienesulonyl-L-arginine methyl ester is added to 2.6ml 
equilibriated (25 C) TRIS buffer. 2(^1 of sample is then added. The O.D. is then 
recorded at time zero, 1 2 and 3 minutes after addition. If the O.D. exceeds the 
photometric range of the spectrophotometer the sample is diluted two fold and 
repeated. Enzyme activity is expressed jumole/min/g according to the Lambert-Beer 
law. 
3.7.5.3 ce-Aniylase 
a-Amylase activity was measured according to Rick and Stegbauer (1974) with 
some minor modifications. The method works on the principle that starch is 
hydrolysed by ce-amylase to fragments whose reducing hemiacetal groups can be 
determined with 3,5-dinitrosalicylic acid. The concentration of the nitroaminosalicylic 
acid formed is measured colorimetrically; it corresponds to the concentration of the 
newly formed terminal groups and therefore directly to the enzyme activity. The 
reagents used are as follows: 
Phosphate buffer (20 mM, pH 6.9; 10 mM NaCl). 
Starch solution (1% w/v), using phosphate buffer. 
Dinitrosalicylic acid reagent (1% (w/v) 3,5-dinitrosalicylic acid, 30% (w/v) 
potassium-sodium tartrate). 
Maltose standard solution (0.1% w/v) 
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50M of sample is added to 1.0 ml equilibrated (25 C) phosphate buffer. 1.0 
nil starch substrate solution is added and a ten minute incubation period recorded. The 
reaction is terminated via the addition of 2.0 ml dinitrosalicylic acid reagent. The test 
tubes are stoppered and placed in a boiling water bath for 5 minutes. The O.D. is 
recorded at 546nm 20-60 minutes post-heating. For tissue blank, addition of sample 
takes place after the addition of dinitrosalicylic acid reagent. The activity of a-
amylase is expressed as juinole/g/minute according to the Lambert-Beer law. 
3.7.6 Statistical analysis 
All data are expressed as mean values standard error of the mean (SE). All data 
was subjected to a two-way analysis of variance (Zar 1984), with subsequent multiple 
comparisons being carried out using the Tukey test (Zar 1984). Statistical analysis 
was performed using NWA Statpak, version 2.1 software (Northwest analytical, Inc., 
Portland, OR.). Statistical significance (p<0.05) is denoted using S. Where a result 
is statistically significant or, with regard to dietary protein levels at any particular 
salinity, S will be prefixed with 0. Where a result is statistically significant, with 
regard to salinity at any particular dietary protein level, S will be prefixed with Q. In 
the tables used in the following results section (Chapter 4; Tables 4.1 - 4.35) 
statistical status, with regard to dietary protein levels in any particular salinity, will 
be indicated as a superscript in the first cell of each row of data. Statistical status, 
with regard to salinity at any particular dietary protein ration, will be indicated below 
each column of the data table with respect to the particular dietary protein ration. 
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Chapter 4 Results 
4.1 Growth and conversion efficiencies 
All groups of fish displayed a degree of growth over the experimental period. 
Growth rates over the experimental period ranged from around 6% (7ppt, 55% 
protein) to 29.5% (15ppt, 55%). After a culture period of 45 days, in both seawater 
(SW, 35ppt) and 15ppt, growth rate of the fish increased with increasing dietary 
protein levels (30-55%) (Fig. 4.1; Table 4.1). The same trend was not apparent in 
a salinity of 7ppt, in this case growth rate after 45 days peaked at 35% dietary protein 
ration after which it decreased with increasing protein ration, with the poorest growth 
rates being displayed at the highest protein ration (55%) (Fig. 4.1; Table 4.1). In SW 
and 15ppt a break point in the growth curve with respect to dietary protein levels did 
not occur and fish continued to grow significantly better with increasing incorporation 
of dietray protein up to 55% (90% dietary fishmeal, see Table 3.2). In 35ppt there 
was no significant difference in growth rate between protein rations 30-40% 
(p 0.05). Protein rations of 45 and 50% resulted in significantly better growth rates 
(p<0.05) than those displayed in 30-40% and a protein ration of 55% resulted in 
significantly better growth rates (p<0.05) than all other five diets (30-50% dietary 
protein; Table 4.1). A similar phenomenon occurred in 15ppt (Table 4.1). In nearly 
all cases growth in an intermediate salinity of 15ppt was significantly greater than 
growth at either 35 or 7ppt (p<0.05) (Fig. 4.1; Table 4.1). Protein efficiency ratio 
(PER) increased with increasing dietary protein levels in SW (Fig. 1.2; Table 1.2). 
However in 15ppt a reversal of this trend was apparent. In 7ppt-adapted fish PER 
84 
followed the same trend that was apparent for growth rate, that is PER peaked at 35% 
dietary protein and decreased with increasing incorporation of protein, being lowest 
at 55%. In nearly all cases PER in an intermediate salinity of 15ppt was significantly 
greater than in SW or 7ppt (p<0.05) (Fig. 1.2; Table 1.2). Food conversion ratio 
(FCR) in SW was significantly better (p<0.05) in fish fed high protein rations (45-
55%) as opposed to fish fed low protein rations (35 and 40%) (Fig. 1.3; Table 1.3). 
Increments in dietary protein levels had no significant effect on FCR in 15ppt. FCR 
in 15ppt-adapted fish was, generally speaking, lower than their counterparts in other 
salinities. High protein rations fed to fish in 7ppt, as mentioned earlier, elicited a 
poor growth response (Fig. 4,1; Table 4.1) and as such resulted in very high FCR 
values. The FCR trend that was apparent as dietary protein levels fed to fish in 7ppt 
increase, was inverse to that found for both growth rate and PER (Figs. 4.1,4.2 and 
4.3). FCE did not seem to be significantly affected by varying protein rations in any 
salinity (Fig 4.4; Table 4.4) however for the most part FCE was significantly better 
in 15ppt fish than in SW and 7ppt fish (p<0.05). 
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Fig. 4.5 Effect of salinity and dietary protein level on ammonia excretion rate of Spams sarba. 
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Table 4.1 : Effect of salinity and dietary protein level on growth rate of Sparus sarba: 
Two-way analysis of variance and Tukey test. -
|i 
i il I 
Dietary protein (%) -
Salinity (ppt) 30 ^ 40 45 ^ ^^  
a b c d e f 
0 . 1 5 0 . 2 1 0 . 1 9 0 . 3 1 0 . 3 3 0 . 4 0 
35/3S 0.02 0.03 0.02 0.02 0.03 0.01 
g h i j k / 
0 37 0.49 0.42 0.43 0.53 0.66 
J5/3S ± 0 . 0 1 ± 0 . 0 3 ± 0 . 0 2 ± 0 . 0 5 ± 0 - 0 2 0 . 0 5 
m n P q r t 
0 22 0.36 0.29 0.25 0.17 0.13 
±0.06 ±0.12 ±0.02 ±0.06 ±0.05 ±0.02 
ws iiS li^  = 
Growth rate is C w ! ^ , refers to . significant elT.t ofva^ing dicU^protein 
S denotes slaUsUcal (p 05’ : 0 : L s to a signif canl effect of varying salinity on f.sh fed « paUcular level ofd.cU|y p r o ^ -
q; e>a-c r; r > a . e a n d t; . > a and h > b „; i > c and p; . > d and , k > e g-j and r, 
/> f .g -k and t; n>b,m,q.r and t P>c .r and t. 
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Fig. 4 .2 Effect of salinity and dietary protein level on protein efficiency ratio (PER) in Spams sarba. 
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Table 4.2 : Effect of salinity and dietary protein level on PER in Spams sarba: 
Two-way analysis of variance and Tukey test. 
i 
Dietary protein (%) . 
Salinity (ppt) 30 ^ ^ 45 50 55 
a b c d e f 
0.23 0.31 0.27 0.32 0.31 0.38 
35^s 0.04 0.03 0.02 0.05 0.04 0.02 
“ g h i j k / 
0 73 0.58 0.51 0.43 0.38 0.53 
± 0 . 0 7 ± 0 . 0 3 ± 0 . 0 2 ± 0 . 0 6 ± 0 . 0 1 0 . 0 1 
"^ 0 28 "o.45 ^0.33 ^^ 0.26 0.16 0.111 
s ±0.09 ±0.12 ±0.02 ±0.06 ±0.05 0.02 
I »S "S «S «S OS 
s denotes significance (P < ^ T e Z o a sianincaLt c L t of varying salinity on fish fed a particular level of dietary protein, 
and t; n>b,m,q,r and t; p>q,r and t; q > r and I. 
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Fig. 4 .3 Effect of salinity and dietary protein level on food conversion ratio (FCR) in Spams sarba. 
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Table 4.3 : Effect of salinity and dietary protein level on FCR in Spams sarba: 
Two-way analysis of variance and Tukey test. 
) 
Dietary protein (%) 
Salinity (ppt) 30 35 40 45 ^ ^^ 
a b c d e f 
8 . 0 1 0 . 7 1 2 . 8 5 . 9 6 . 9 4 . 6 
35/3S 0.9 1.6 1.1 0.5 0.6 0.4 
g i j k / 
4 7 4.9 4.7 5.2 3.8 3.2 
15 0.2 0.2 0.3 0.8 0.6 0.1 
m n P q r t 
1 0 . 9 7 . 8 7 . 6 8 . 9 1 5 ? 
7 1 . 7 ± 2 . 0 ± 0 . 4 2 . 4 3 . 4 3 . 3 
U- II 
Food conversion raUo = ^ w ^ s^niHcant cfj^t or ^ U ^ pro^in 
S denotes statistical s i g n i f i c a n c e (p< 0.05 s i g n i f i c a n t effect of salinity on fish fed . particular level of dicUuy protein. 
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Fig. 4.4 Effect of salinity and dietary protein level on feed conversion efficiency (FCE) 
in Spams sarba. 
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Table 4.4 : Effect of salinity and dietary protein level on FCE in Spams sarba: 
Two-way analysis of variance and Tukey test. !. 
\ 
•I i< 
Dietary protein (%) 
Salinity (ppt) 30 ^ 40 45 ^ 55 
a b c d e f 
0 0 9 0 . 1 2 0 . 1 1 0 . 1 5 0 . 1 6 0 . 2 2 
35 0.02 0.02 0.01 0.03 0.02 ±0.02 
‘ g h i j k / 
0 21 0.21 0.21 0.21 0.27 0.31 
± 0 . 0 1 ± 0 . 0 1 ± 0 . 0 1 ± 0 . 0 3 ± 0 . 0 4 0 . 0 1 
m n P q r t 
0 1 0 0 . 1 6 0 . 1 3 0 . 1 2 0 . 0 8 0 . 0 6 
J ±0.02 ± 0 . 0 4 ± 0 . 0 1 ± 0 . 0 3 ± 0 . 0 2 0 . 0 1 
II 11 '“ 
reed conversion efficiency (PCI. expressed as U.e n ^ ^ i ^ t ^^  ^ ‘ ^ ^ ^ f /QE ^, ^ ^^ of v.^ing protein .cvC, .t 
S s.tisUca. s , „ i n c . . ( p < a O . ^ on Hsh L . evd ofdicU^ proCcin. 
ilr f ^ „ h>b; > and P; j>d .>ea„d r; /> f and t. 
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4.2 Metabolism 
4.2.1 Ammonia excretion 
Ammonia excretion rates were significantly affected by dietary protein levels 
in all salinities, with a general trend being that of ammonia excretion rates increasing 
along with increasing dietary protein levels (Fig. 4.5; Table 4.5). Salinity also 
significantly affected ammonia excretion rates at levels of dietary protein 
incorporation intermediate of low protein rations (30%) and high protein rations 
(55%). When fish were fed diets containing 35 and 40% dietary protein, ammonia 
excretion tended to be higher in 7ppt than in SW and 15ppt. When fish were fed diets 
containing 45 and 50% dietary protein, ammonia excretion tended to be higher in 
both SW and 7ppt than in 15ppt. Generally speaking it could be said that ammonia 
excretion rates tended to be lower in intermediate salinities of 15ppt. 
4.2.2 Oxygen (O2) consumption 
O2 consumption was not significantly affected by dietary protein level but was, 
however, in most cases, significantly affected by salinity (Fig. 4.6; Table 4.6). The 
general trend appeared to be that O2 consumption was lowest in intermediate salinities 
with a propensity towards elevation occurring in 7ppt-adapted fish. 
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Fig. 4.5 Effect of salinity and dietary protein level on ammonia excretion rate of Spams sarba. 
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Table 4.5 : Effect of salinity and dietary protein level on ammonia excretion rate of Spams sarba: 
Two-way analysis of variance and Tukey test. , 
i; 
Dietary protein (%) 
Salinity (ppt) ^ ^ ^ - — — 
“ a b c d e f 
15 9 18.7 20.6 33.0 35.6 33.7 
35/^s 2.2 1.0 ±1.7 ±2.4 3.1 2.1 
“ h i j k I 
14.4 17.4 13.3 23.8 12 9 35^2 
3.2 ±1 .6 1.5 1.2 1.0 3.8 
” 1 3 8 n 24,0 ‘ 33.6 ‘ 32.1 ‘ 36.5 ‘ 34 2 
S ± 3 6 ±2.6 ±2.6 1.3 5.9 1.2 
1L II II 
Ammonia excretion expressed as mean excretion rate ^^  " ; /sEprl^fired^ t refers to a significant effect of varying dkUiy protein 
S denotes statistical signiHcance (p<0.05 (… " 7 ) r.sh fed . pa^cuiar level ofdicU^ protein. 
n q>j. in and n; r>k,m and n; t m and n. 
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Fig 4.6 Effect of salinity and dietary protein level on oxygen (O2) consumption rate in Sparus sarba. 
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Table 4.6 : Effect of salinity and dietary protein level on O2 consumption rate in Sparus sarba: 
Two-way analysis of variance and Tukey test. ) 
1! 
Dietary protein (%) 
Salinity (ppt) 30 ^ 40 45 ^ ^^  
a b C d e f 
0 9 0 0 . 2 9 0 . 2 4 0 . 2 3 0 . 2 0 0 . 4 0 
3 5 0 . 0 6 ± 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 3 ± 0 . 0 5 
g h i j k I 
0 20 0.12 0.17 0.20 0.28 0.16 
± 0 . 0 4 ± 0 . 0 3 ± 0 . 0 4 ± 0 . 0 5 ± 0 . 1 3 0 . 0 2 
"“ m n P q r t 
0 2 8 0 . 2 4 0 . 3 2 0 . 5 3 0 . 2 7 0 . 4 5 
7 ± 0 . 1 1 ± 0 . 0 7 ± 0 . 0 2 ± 0 . 0 6 ± 0 . 0 6 0 . 0 4 
II I ” ‘'‘ ^ ^ ^ 
oxygen (O^ consumption rale expressed as mean 4 pe^ c : ^ signif.canl cffcct ofvaiying dictaiy protein 
n nsh — - ― ‘ 
t X lest, multiple comparison, results in: b and n > h ; f a n d t> / ; P > . q>J. 
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4.3 Biochemical analysis 
4.3.1 Organ indices 
Hepatosomatic index (HSI) and viscerosomatic index (VSI) were both 
significantly influenced by dietary protein levels (Fig. 4.7; Table 4.7 and Fig. 4.8; 
Table 4.8. respectively), both indices tending to decrease as dietary protein levels 
increased. HSI was significantly influenced by salinity in that there was a marked 
increase in the HSI of 7ppt fish. This phenomenon occurred at all dietary protein 
levels except the highest (55%). VSI was also significantly influenced by salinity. 
When fish were fed dietary protein levels 35-50%, VSI tended to be lower in an 
intermediate salinity of 15ppt, with salinity exerting no effect at the lowest and 
highest dietary protein rations (30 and 55% respectively). Renosomatic index (RSI) 
and gonadosomatic index (GSl) (Fig. 4.9; Table 4.9 and Fig. 4.10; Table 4.10, 
respectively) were not influenced by alterations in dietary protein level but were, 
however, influenced significantly by salinity. Regarding RSI, the effect of salinity 
adaptation was most apparent in 7ppt, when fish were fed high protein diets (50 and 
55%). 
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Fig. 4.10 Effect of salinity and dietary protein level on gonadosomatic index (GSI) in Spams sarba. 
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Table 4.7 : Effect of saliiiily and dietary protein level on HSI in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ fO 45 50 
b c d e f 
a 1.0 0.95 0.93 0.84 0.80 = 
35 ±0 .10 ±0.03 ±0 .02 0.06 0.05 0.05 
'112 '1.09 S.Ol J 0.81 '0.73 ‘ 0.90 
1 5 , s ± 0 ^ 8 ± 0 . 0 5 0 . 0 5 0 . 0 6 0 . 0 3 ± 0 . 0 8 
‘ ” "114 Pi 23 %.00 'o.96 '0.92 
f 1 : 2 4 1 / 3i2 ,0.13 0.04 . 
U_ ‘ I, ‘ II -
and t q > d a n d j r > c and k. 
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Fig. 4.10 Effect of salinity and dietary protein level on g o n a d o s o m a t i c index (GSI) in Spams sarba. 
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Table 4.8 : Effect of salinity and dietary piolein level on VSI of Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ 40 ^ £0 55 
a b c d e f 
3.23 3.30 3.53 3.36 2.81 2.79 
35 /3S ± 0 . 1 8 0 . 3 9 0 . 5 2 0 . 0 7 0 . 2 1 0 . 1 2 
g h i j k / 
3.09 3.15 2.93 2.60 2.58 2.69 
J 5^8 0.33 0.20 0.12 0.17 0.11 0.15 
m n p q r t 
3 94 4.14 3.70 3.17 2.26 2.71 
0.21 ±0 .16 ±0 .12 0.42 0.27 0.24 
lijj il^  lb 
Visccrosonmtic index (VSI) expressed as ...can % S. . = 4 per cell) „fcrs to . significant cfTcct of varying dietary protrin 
S denotes “ ^ ^ ^ ^ ^ ^ . J f ^ • — of , — ^ 
t; p > i , m and p.q and r q>j , r and t; t > r . 
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Fig 4.9 Effect of salinily and dietary protein level on renosomatic index (RSI) in Spams sarba. 
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Table 4.9 : Effect of salinity and dietary protein level on RSI in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ 35% ^ 115 
n a b C d c f 
0.22 0.18 0.19 0.18 0.17 0 6 
35 ±0.01 ±0.01 ±0.01 ±0.01 ±0.02 0.01 
“ IT i j k / 
% i 9 0 . 1 8 0 . 2 0 0 . 1 9 0 . 1 9 0 . 1 9 
15 S 2 ±0.01 ±0.02 ±0.02 ±0.01 0.02 
0 9 3 " 0 2 4 ' 0 . 2 0 . ' 0 . 1 7 ' 0 . 3 3 ‘ 0 . 2 7 
7 ±0 02 ±0^1 ±0.01 ±0.01 ±0.05 0.05 
I … I II 
u ns 
Rcnoscunlic ii.dcx (RSI) expressed as mean % S.E. (« = 4 Pcr ccU) refers to « significant cfTccl of vaiying dicUiy protein 
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Fig. 4 .10 Effect of salinity and dietary protein level on gonadosomatic index (GSI) in Spams sarba. 
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Table 4.10 : Effect of salinity and dietary protein level on GSI in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ ^ 
‘ a b C d e f 
0 . 8 3 0 . 5 4 0 . 5 3 0 . 3 5 0 . 6 7 0 A 9 
3 5 ± 0 . 0 5 ± 0 . 2 3 ± 0 . 2 0 ± 0 . 1 8 ± 0 - 2 2 0 . 0 9 
“ “ ~ i j k / 
0 29 0.26 0.38 0.49 0.48 
15 5 0 1 7 0.15 ±0.20 ±0.23 . 
0 3 " l . 0 2 P 1 . 0 2 ' o . 5 4 ^ 0 . 7 3 ‘ 0^46 
7 ± 0 2 9 ± 0 . 2 9 ± 0 . 1 9 ± 0 . 2 2 ± 0 - 2 3 ± 0 . 1 5 
ir I 
Gonadoso.n«lic index (GSI) expressed as .ncau % S.l^.("= : with P (fiS) refers to a significant cffcct ofvao^ing dkUiy protein 
r : i t i l l ^ e ^ ^ i Of V—g . . . o„ n . r . . . .v. of e pro . 
L , " L i p h co.npa.i3on, rcsuUs in: n>band h P > c and i. 
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4.3.2 Serum metabolites 
4.3.2.1 Serum ions 
Serum sodium (Na+) and potassium (K+) (Fig. 4.11; Table 4.11 and Fig. 
4.13; Table 4.13, respectively) were not subject to any significant dietary influence. 
These parameters were, however, significantly influenced by salinity. There exists a 
tendency for serum Na+ levels to fall below levels found in SW fish, in 7ppt and, on 
occasion, 15ppt-adapted fish. This trend was also evident and more pronounced with 
regard to serum chloride (CI) (Fig. 4.12; Table 4.12). Serum K+ levels also fell 
significantly in 7ppt-adapted fish, and only serum calcium (Ca2+) was not markedly 
influenced by reductions in environmental salinity (Fig. 4.14; Table 4.14). Serum Cl-
aud Ca2+ were significantly influenced by dietary composition, with CI* levels 
decreasing as dietary protein increases in SW and 7ppt-adapted fish and Ca'^ levels 
decreasing in fish fed high protein diets in 7ppt. 
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Fig. 4.13 EiTect of salinity and dietary protein level on serum potassium (K+) levels in Sparus sarba. 
Serum 
Na+ 
:J I w 
/ V\ V\—V\——V\———V 7 
0 1 r 1 1 1 1 1 
2 5 3 0 3 5 4 0 4 5 6 0 5 5 6 0 Dietary protein (%) 
C 1 3 7 p p t _ 1 5 p p t M 3 5 p p t 
Table 4.11 : Effect of salinily and dietary prolein level on serum Na+ levels in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinily (pi^ 30 ^ 1! 
%45 '147 %38 '125 ^ 1:6 
35 13 2 5 8 7 
'125 'l21 134 27 ^ 125 
15 ± 1 2 6 4 4 ^^ ^ 
qi : ; r : 
7 13 4 Z 0 
[. ^ ii^  I id 
Serum sodium ( N « ” is expressed as nu-an Na+ level (.uM) ^ ^• 4 P to a significant effcct of varying dicUiy protein 
s l u o t e s suUsUca. signi.lc«nce (P < 0 . ^ ; " " L : : ^ ^ ^ Hsh f C a — c u l a r Icvc. of protc . . 
levels al a»y pa.ticular sul.n.ly. S P-eHxcd w.U. 0 i > p . 
Tukey tcsl. .nuUiplc co.npa.ison, results in: a > g and b > h « n d n. O p . e > k 
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fcl 
ft 0 m 
v W 
Z y y K v V ... V / 
0 1 1 —I 1 1 1 >""" 
2 5 3 0 3 5 4 0 4 5 6 0 5 5 6 0 Dietary protein (%) 
• Tppt _15ppt H 36ppt 
Table 4.12 : Effect of salinity and dietary protein level on serum CI" levels in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ f ! 
‘ a b c d e f 
173 158 141 136 114 135 
± 1 3 6 4 10 10 9 
'144 1 4 ^33 135 'l31 ‘ ^^ 
15/3S ± 6 9 ± 6 5 7 4 
93 "l27 'l09 'l20 
7.S ±21 5 3 8 10 
L — L • .. I i^  I I ii^  I iL I 
serum chloridc (CI) cxpicsscd as …con CI level (mM) ± S-U J J ) c r refers lo a significant effect of varying dicUiy protein 
S denolcs sUtislical sigaiHcancc (P<0.05 ^ T a m t Z s ^ on fish fed a particular level ofd icU^ protcm. 
and I p > n i and I q > r and I. 
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Fig. 4.13 EiTect of salinity and dietary protein level on serum potassium (K+) levels in Sparus sarba. 
Serum 
K + 
. i l i l 
/ M M I 
/ 1/ 1/ y ___ J/ —y — / 
0 …I T T 1 1 1 1 1— 
2 5 3 0 3 5 4 0 4 6 5 0 6 5 6 0 
Dietary protein (%) 
7 p p t M 16ppt 3 5 p p t 
Table 4.13 : Effect of salinity and dietary protein level on serum K+ levels in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ 
a b c d e f 
3 7 5 3 . 7 3 3 . 6 1 3 . 5 8 3 . 2 7 2 . 3 0 
3 5 ± 0 . 2 1 0 . 4 8 0 . 4 1 ± 0 . 4 7 0 . 4 1 0 . 1 1 
“ i T i j k / 
^ . . q 3 5 8 2 . 8 8 3 . 8 0 3 . 6 0 2 . 5 8 
5 ± 0 47 ±0.47 ±0.35 ±0.49 0.15 
' 5 8 " 2 4 1 ' 1 . 9 8 ' 1 . 7 2 ' 3 . 5 1 ‘ 2 . 4 5 
7 ^ 0 1 5 ± 0 3 8 ± 0 . 1 6 ±0.15 .34 
IK ^^  
Sc. poU.s.siu.n (K') levels expressed as .ncan K> level … ^ . (" t ^ L fi (fiS) refers to a significant cfTcct o f v . ^ i n g dicUiy protcin 
, " ) t or va.4 s on Hsh M a pa^ 'Car level of P . 
IcvcN al any pi>rlK:uI;ii salinily. S imiixtu wiui v > 
CO"— ’ ICS- i. a>g 1 b>» OP ^ and j>q. 
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11 i i l y 
/ —1/ L__K L-J/' ————y / 
0 I 1 r 1 1 1 1 1 
2 5 3 0 36 4 0 4 5 5 0 5 5 6 0 Dietary protein (%) 
7ppt M 15ppt 35ppt 
Table 4.14 : Effect of salinity and dietary protein level on serum Ca^ "^  levels in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppO ^ ^ 5 
“ . . b c d e f 
‘ 1 5 1.3 1.4 2.2 1.7 1.3 
35.S ±0 .1 0.2 0.2 ±0 .1 0.2 0.1 
“ g h i j k I 
15 1 4 1.3 1.8 1-6 1.5 
15,s 0.2 ±0.1 0.2 ±0.1 ±0-1 3 
18 " l 7 ' l O f 1 1 ±0 .3 ± 0 . 2 ± 0 . 2 ± 0 . 2 0.2 
Scrum calciun. (CV,) expressed as n.can C a - level ( with (/JS) refers to a significant cffcct ofva^Ing dicUry protein 
S Ucnotes si:- “ , : ^ ^ Z ' ^ ^ [ v fs-W " a —cular Icvc, of pr 
1 0 2 
4.3.2.2 Serum protein, a-amino acids and ammonia 
Serum protein remained relatively stable in all salinities tested and was also 
unaffected by dietary protein levels in SW and 15ppt (Fig. 4.15; Table 4.15). In 7ppt 
however, there was a significant decline in serum protein levels in fish fed high 
protein rations (p<0.05). Serum a-amino acids increased with increasing dietary 
protein levels in all salinities tested (Fig. 4.16; Table 4.16). The only significant 
difference resulting from salinity adaptation seemed to occur in fish held in 7ppt and 
fed high protein diets where levels increased 41 to 62% over levels in fish from 15ppt 
and SW respectivly. Serum ammonia levels were significantly influenced by both 
dietary protein levels and salinity (Fig. 4.17; Table. 4.17). In 15 and 7ppt-adapted 
fish, serum ammonia increased with increasing dietary protein levels. In SW fish, 
however, the dietary influence that existed seemed to elude a specific trend, as 
ammonia levels in SW fish fed varying dietary protein levels fluctuated so as to give 
a statistically significant dietary effect but no general direction of increase or 
decrease. In most cases serum ammonia was significantly higher in 7ppt-adapted fish 
than in SW fish, this also being the case between 15ppt and SW fish when 15ppt-
adapted fish are fed high protein diets (50 and 55%). 
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Fig. 4.15 Effect of salinity and dietary protein level on serum protein levels in Spams sarba. 
Serum 
Protein 
( g / l O O m l ) / 
_ 
0 - ^ t 1 r 1 1 1 1 ‘ 
2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 
Dietary protein (%) 
M I5ppt 35ppt 7ppt 
Table 4.15 : EITect of salinily and dietary protein level on serum protein levels in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ ^ 
_ b c d e f 
' 5 6 4 9 4 . 3 4 . 1 4 . 3 4 . 7 
35 ±0.5 ±0 .4 ±0 .5 ±0 .3 ±0 .3 0.4 
% 3 ' 4 7 5 . 5 4 . 6 ' 4 . 1 ' 4 . 9 
,5 lo.8 0.2 0.3 ±0.2 ±0-4 . ‘ 
“ "63 '5.4 '2.3 '2.2 
5 .L +0 7 ±0 3 ±0.2 0.2 0.5 
jps 0.4 0.7 
Scrmn prolcin expressed as .ncan protein level ( g / _ n l ) S E. (n = 4 = , s igni f icant cffcct o f v a r ^ b g dietary proU i^n 
n : - — ; - 0„ nsH r . a p a . - lev. of pro_. 
1 0 4 
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Table 4.16 : Effect of salinity and dietary protein level on serum a-amino acids in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ ^ 
— b c d c f 
156 170 248 176 176 215 
35/3S 19 22 12 22 24 23 
'l69 4 195 '211 
15.S 6 11 8 8 20 
n PI98 ‘ 284 ‘ 310 
, , + 1 4 4 0 19 
7i3S 12 18 ±7 
I I I I 
SC.U.U acids expressed as „ - a c i d s l e v d ( m g / l ( « ; ^ ) , to n significant cffect of v « ’ dicUo^ P : 
S denotes .sU.li.sUc«l significance (p < 0.05, two-way m.aly .a of ^^ v salinity on fish fed « particular level of d.cUry protcm. 
L c U at a..y pa.Ucu.ar salinity. S P-cHxcd wiU, n ( . S ' " > and i / > g . h and i n.p and q>m; r > c and q; 
Tukey test, multiple co ―son, results m: Oa.M.c.f,, d p, . 
l>f,l,m,n,p ami q. 
1 0 5 
Fig. 4.12 Effect of salinity and dietary protein level on serum chloride (CI") levels in Spams sarba. 
SeruiTX 
ammonia /f (pg/ml) / 71 
16 Y 
x f l J I 
\ m \ 
25 3 0 3 5 4 0 4 5 5 0 5 5 6 0 
Dietary protein (%) 
m i 35ppt _ 1 5 p p t _ 7 p p t J 
J 
,1 
Table 4.17 : Ef fect of salinity and dietary protein level on serum ammonia levels in Spams sarba: ‘ 
Two-way analysis of variance and Tukey test. 
I 
> 
Dietary protein (%) ‘ 
Salinity (ppt) 30 ^ 1! 
% 0 4 ' 7 . 3 ' 9 . 9 . 4 ' 9 
35.S ± 1 2 1.5 ±0.8 ±0.7 0.6 1.5 
— _ - i j k / 
g “ “ QO 13 4 13.0 
: 56 : J L ^ _ _ _ ^ .8 
T i p : 
7 1,1 2.7 Lo 
… U. 11 
l l ns 
Scoun anunonia expressed as nnunuma level 0 0 ” refers to a significant cffcct of varying dicUuy protcin 
T u k e y l e s t . n u i U i p I e c o n . p a . i s o n . r e s u l t s m : a > b . c , c . « n c l ’ 
r > c , i n , n . p , q a n d t . 
1 0 6 
4.3.2.3 Serum glucose 
Serum glucose was significantly affected by dietary protein level (p<0.05), 
with levels decreasing along with increasing dietary protein in SW and 7ppt (Fig. 18; 
Table 25). Surprisingly, in 15ppt, fish fed diets containing 29% dextrin (30% protein 
diet, see Table 3.2) exhibited serum glucose levels that were not significantly 
different from those displayed by fish fed diets containing no dextrin (55% protein 
diet, see Table 3.2) the same scenario ocurring in fish fed diets containing 21, 14 
and 6.85% dietary dextrin (35, 40 and 45% protein diets respectively, see Table 3.2). 
Salinity exerted a significant effect on serum glucose at most dietary protein levels 
(p<0.05). Fish kept in SW had significantly higher levels of serum glucose than; (1) 
fish kept in 15ppt in groups fed 35 and 40% dietary protein rations and (2) fish kept 
in 7ppt in groups fed 35, 40, 50 and 55% dietary protein rations. 
4.3.2.4 Serum lipids 
Serum lipids were significantly influenced by dietary protein levels in all 
salinities (p<0.05). In reduced salinities (15 and 7ppt) there seemed to be a general 
decrease in lipid level as dietary protein increases (Fig. 4.19; Table 4.19). This trend 
did not occur in SW fish where the apparent dietary influence stemed from a single 
high mean value obtained from fish fed a dietary protein ration of 45%. At low 
protein rations (30-40%) serum lipids were found to be at consistently higher levels 
in fish held in reduced salinities (15 and 7ppt) as opposed to fish held in SW. At 
dietary protein rations of 45% and above, this trend, for the most part, diminishes 
(except in 15ppt, 55% protein which may be important to note). Fish held in 7ppt and 
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fed high protein rations (50 and 55% dietary protein) displayed a marked reduction 
in serum lipid levels when compared to fish held in 15ppt and SW. 
4.3.2.5 Serum hormones 
Serum thyroxine (T4) (Fig.4.20; Table 4.20) levels were not significantly 
influenced by dietary protein, but were however, influenced by salinity in groups fed 
30 50 and 55% protein diets. The most apparent result was the marked difference 
between T4 levels obtained from fish held in 7ppt and fed 55% dietary protein and 
those obtained from fish held in 15ppt and fed the same diet. These fish grew very 
poorly and very well respectively and the levels of serum T4 would seem to display 
a similar trend. Serum Cortisol levels were unaltered by changes in dietary protein 
levels (Fig. 4.21; Table 4.21). Surprisingly, this was also true with regard to salinity, 
where no significant difference was apparent after 45 days of adaptation. 
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Fig. 4.13 EiTect of salinity and dietary protein level on serum potassium (K+) levels in Sparus sarba. 
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Table 4.18 : Effect of salinity and dietary protein level on serum glucose levels in Spams sarba: 
Two-way analysis of variance and Tukey test. 
I I Dietary protein (%) 
Salinity (ppt) ^ ^ ^ 
a b c d e f 
146 145 152 108 94 97 
35/3S 10 14 14 14 6 
'110 ' l08 '119 
15.S V l 4 31 17 13 ^ 
31 n r ^ Zs 
f ±32 12 8 
|| ll'i iri. ^ 
Scrum .lucosc expresscJ as mc:m glucosc level 1) S.E: (« = ^ per ceH) to a significant cffccl of varying dietary protein 
r Z ^ l u J a on nsh rC a pa^cular level of 
levels at any particular saiin.ly. S P - cHxcd ? g • r > t h > n ; lc>/ and r; m>n.p.q.rand t. 
Tukey test, multiple rculls ,n: «>“ b>d-r’h and c> , 
1 0 9 
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Table 4.19 : 'I'lie eriect of salinity and dietary protein level on serum lipids in Spams aurata: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ 
“ -i b C d c f 
‘ 0 9 7 2 5 . 8 2 4 . 3 2 8 . 9 2 3 . 9 2 2 8 
35 2.2 1.3 ±2.3 ±1.6 1.5 ±2.0 
' 3 0 . 6 ‘ 45.2 ‘ 28.4 ^ 2 . 4 
15.S ±3.6 ±2.2 4.7 5.0 1.7 4.9 
.8 4 , %0.S r t 
s 5 . 2 ± 1 . 9 3 . 1 2 . 8 1 . 8 ± ^ . 2 
,11 ’ “ 
I ^ 
S c u m lipids expressed as mcu. lipid level (g/lOO.nl) ( P (fiS) refers to a significant cffcct of varying dicUry protcin 
n>b,rancl t ; p > c , r a m l t ; q > r m u l l. 
1 1 0 
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Table 4.20 : Effect of salinity and dietary protein level on serum T4 levels in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppl) 30 ^ 2 
a b C d e f 
1 6 0 2 . 1 0 3 . 1 3 1 . 6 2 1 . 7 5 1 . 1 9 
3 3 0 . 3 0 ± 0 . 1 7 ± 0 . 9 3 ± 0 . 7 4 ± 0 . 1 6 0 - 2 6 
. ~ i j k / 
2 . 0 0 3 . 4 0 2 . 6 0 2 . 2 3 5 . 1 3 
1 5 i 0 1 6 0 . 3 1 0 . 8 1 ± 0 . 1 2 ± 0 . 3 4 “ 
' " 3 2 0 n ” 3 ' 2 . 7 0 ' 2 . 3 0 ' 0 . 7 5 ^ 0 . 9 6 
7 0 42 0 66 ±0.38 ±0.76 0.05 0.17 
Scnun Uty oxiuc (TJ expressed as T. level …^/ , ” f = 4 Per : ^ to a significant cffcct of varying dictaiy protein 
= i = ^ S T ^ ^ ^ or on - rca • . . . o f . . . . P _ . 
Tukey tcsl. .nullipic comparison, results iu: a>g and k>c; />f mul t. 
I l l 
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Table 4.21 : The effect of salinity and dietary protein level on serum Cortisol levels in Spams aurata: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ 1£ 
%28 bo39 %.36 ^-23 %.20 0.30 
35 ±0.07 ±0.20 ±0.12 ±0.04 ±0.10 0.15 
' ' ' '' 
= 
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4.3.3 Proximate composition of white muscle 
Musde moisture (Fig. 4.22; Table 4.22) seemed to increase in a stepwise 
fashion as the salinity the fish are exposed to decreased. A significant increase in 
muscle moisture not only occurred when fish were held in 7ppt, but also occurred in 
three of the six groups of fish held in 15ppt. Muscle lipid levels (Fig.4.23; Table 
4.23) displayed a typical, inversely proportional, relationship to muscle moisture, in 
that fish held in 7ppt generally had lower levels of muscle lipid than fish held in SW. 
This trend was only apparent in two out of the six groups held in 15ppt. Muscle ash 
was not influenced significantly by salinity or dietary protein level (Fig. 4.24; Table 
4.24). 
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Table 4.22 : EiTect of saliiiily and dietary protein level on muscle moisture in Sparus sarba: 
Two-way analysis of variance and Tukey lest. 
Dietary protein (%) 
Salinity (ppt) ^ ^ fo ff ^ 
“ a b C d e f 
73 9 72.9 71.3 72.7 72.9 72.4 
35^s 0.3 0.5 0.6 0.3 ±0.7 0.8 
“ “ h i j k / 
% 3 7 74.5 74.4 74.0 73.9 74.7 
15 09 ±0.5 ±0.6 0.4 0.6 ±0.4 
'"73 6 %4.1 '74.4 %4.8 %8.8 ‘ 80 0 
1.3 0.4 0.6 ±0.4 1.0 1.1 
I II I II I II '“ ‘“ 
Muscle ...oislurc expressed as …can .noisUuc % S • ; : * ^ g prefixed with p (fiS) refers to « significant cfTcct of viying dieUry protein 
S denote, statisUcnl signiHcancc (r<0.05 ~ ^ on fish fed • particular level of dieUuy protcm. 
; )b; > ;,>f; p>c; - - i > f ’ ' -
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Fig 4.23 Effect of salinity and dietary protein level on muscle lipid in Spams sarba. 
Muscle 
lipid y j -
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Table 4.23 : Effect of salinity and dietary protein level on muscle lipid in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppl) 30 35 40 45 ^ 55 
a b c d e f 
2 52 3.26 4.53 3.40 3.08 3.63 
35 ±0.29 ±0.51 ±0.52 ±0.31 ±0-68 ±0.56 
“ g ~ i j k I 
3 75 2.82 2.83 3.00 3.43 1.68 
1.01 ±0.62 ±0.47 ±0.26 0.26 0.61 
" 2 8 " 2 67 ' l . 7 4 ' l . 5 3 ' 1.73 ' 1-03 
7 1 0.53 ±0.25 0.32 ±0.29 0.30 
I U I If- “ I 
Muscle lipid is expressed as mean % lipid S.B. (n = ^ j with /? (fiS) refers to a significairt cffcct of v«iying dicUiy protein 
S denotes = "sh fed • panicuU. Icvc, ofdicUo^ prCin. 
1 1 5 
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Table 4.24 : Effect of salinity and dietary protein level on muscle ash in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ ^ 52 
1 68 1.60 1.31 1.59 1.64 1.68 
33 ±0.18 ±0.07 ±0.04 ±0.09 0.25 0.14 
1 fin 1 44 1.39 1.49 1.70 1.33 
15 i 0 1 4 ± 0 1 6 0.13 0.09 0.19 0.14 
, “ 1 45 1.60 1.51 1.36 1.35 
, '^0.09 ± ^ 4 ±0.07 ±0.07 ±0.15 0.07 
: = — or V “ a - . 
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4.3.4 Composition of hepatic tissue 
4.3.4.1 Proximate composition and liver glycogen 
Liver moisture (Fig. 4.25; Table 4.25) was significantly lower in fish held in 
7ppt and fed dietary protein levels 30-45% (p<0.05), than groups held in SW and 
15ppt and fed 30-45% protein diets. Fish held in 7ppt and fed high protein diets (50 
and 55%) display a marked increase in liver moisture when compared with those held 
in 7ppt and fed on lower dietary protein rations (30-45%). In general, little or no 
difference occurred in liver moisture levels of fish held in SW and 15ppt and fed 
varying dietary protein rations. Liver protein was not significantly influenced by 
dietary protein levels in any salinity (Fig. 4.26; Table 4.26). Salinity, however, did 
exert a significant influence on liver protein with levels in SW fish always being 
higher than levels in 7ppt-adapted fish. At high dietary protein rations (55 and 55%) 
liver protein in SW fish was significantly higher than both 7ppt and 15ppt fish. Fish 
held in ISppt only displayed significantly higher liver protein levels, than fish in 7ppt, 
when the dietary protein ration exceeded 40%. Liver lipid was significantly and 
markedly influenced by salinity (Fig. 4.27; Table 4.27). Fish held in an intermediate 
salinity of 15ppt displayed a significantly lower level of liver lipid than fish held in 
both SW and 7ppt (p<0.05). Lipid levels in 7ppt-adapted fish tended to be higher 
than lipid levels found SW fish, except in the lowest dietary protein group (30%). 
Liver lipid levels were not significantly influenced by dietary protein levels. In 
contrast to liver lipid, liver glycogen was not significantly influenced by salinity but 
instead influenced solely by dietary protein levels (Fig. 4.28; Table 4.28). In all 
salinities there was a significant reduction in liver glycogen between low protein (high 
carbohydrate rations) and high protein (low carbohydrate rations) (p<0.05). 
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Fig. 4.25 Effect of salinity and dietary protein level on liver moisture in Spams sarba. 
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Table 4.25 : Effect of salinity and dietary protein level on liver moisture in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ 5 
a b c d e f 
71 2 67.8 68.4 68.6 69.9 69.2 
35 1.4 1.1 ±0.5 0.5 1.1 0.8 
%6.8 '70.2 ^9.0 ‘ 7L9 ^ I f , 
±2.0 0.4 1.1 0.5 0.3 
"63.3 '61.1 '62.4 
7.S ±2.6 3.3 3.3 0.7 
‘ , 1 ‘ II II I “L -
1 1 8 
Fig. 4.26 Effect of salinily and dietary protein level on liver protein in Spams sarba. 
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Table 4.26 : Effect of salinity and dietary protein level on liver protein in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ 35 40 2 
.3 ' l3.8 .3 \ i n 
35 1.5 ±0.7 ±0.5 0.8 0.3 0.9 
h 9 S l . 9 J 13.0 ki4.3 ^ 3 . 4 
15 1,1 05 ±0.8 0.2 0.2 _ 
n P %.8 '8.5 ' l0.2 
7 r 5 1.9 1.3 _ _ 
——L-TT j Up I 
levels at any P-ticular S P-cfixed w («S) d r; f>/«nd t; j>q; k>r />l. 
Tukey lest, multiple comparison, rcsulu m: a>m, b>n, O p . q’ 
1 1 9 




P f l l ^ 
/ ~ ~ 7 | 
12 
...•...,••.. .'.'••••.•• •••••.••:• •.:•......... ::::::::::::. jJlB^  
0 1 T 1 1 —r 1 I""" 
25 30 35 40 45 60 65 00 
Dietary protein (%) 
f i6ppt Mlaspp _l7ppt 
Table 4.27 : Effect of salinily and dietary protein level on liver lipid in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ 
‘ K c d e f 
7 79 7.97 6.26 6.53 5.00 
33 t l 2 0 Z 2 ±0.50 ±1.10 1.3 0.86 
h i j k / 
1 5 - - ― -
^ n s I us I b 
15v.r linid expressed as a mean % lipid S.E. (« = 4 per cell) refers to a signiHcanl cffcct of varying dietary protein 
s,ninca„ceO.<0.05 ^^"^^^ ^^ ^ ^ ^ ! ^ ! ^ on Hsh f C . pa^cu^r Icve, o f ^ pr . 
j;"… n>b > ^^ ^^  
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Fig. 4.28 I'lie effect of salinity and dietary protein level on liver glycogen in Sparus sarba. 
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Table 4.28 : Effect of saliiiily and dietary protein level on liver glycogen in Spams sarba: 
Two-way analysis of variance and Tukey lest. 
Dietary protein (%) 
Salinity (ppt) 30 ^ 1! 5 
b c d e f 
a 6 35 7.03 5.44 5.05 4.48 2 35 
35 041 0.35 0.10 0.53 0.29 0.61 
— - - i j k / 
% 3 3 7 6.59 5.86 3.93 2.47 
15,s 7 7 i 4 ,0.66 ±0.37 
levels at any particular salinity. • f. ^^ f g>i./ h>j-/ i>k and I; j>k and / k>/ «n>p’q,rand t n>p’raml t. 
Tukey icsl. ...oUipIc co.npari.son. results m: «>d-f, b>c-f. Of. d>I. 
p>r fliid t; q>p,rand t. 
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4.3.4.2 Hepatic enzymes 
Glucose-6-phosphate dehydrogenase (G6P-DH) activity was not significantly 
influenced by salinity (Fig. 4.29; Table 4.29). However, G6P-DH was influenced by 
dietary protein levels in all three salinities. In SW G6P-DH activity seemed to be 
suppressed in fish fed diets with high levels of carbohydrate (30% protein diet) and 
fish fed diets with high levels of dietary protein (55%). In 15ppt-adapted fish a 
dietary influence seemed to manifest in the form of fluctuating values which elude a 
specific trend. However in 7ppt-adapted fish G6P-DH was high when fish are fed 
dietary protein rations between 30 and 45%, falling to lower values when higher 
dietary protein rations (50 and 55%) were fed. Hexokinase was significantly 
influenced by salinity and dietary protein levels (Fig. 4.30; Table 4.30). In all cases 
the activity of hexokinase was highest in an intermediate salinity of 15ppt. A dietary 
influence on hexokinase activity would seem to be present in the general form of 
higher hexokinase activity occuring at lower dietary protein levels. Glucose-6-
phosphatase (G-6-Pase) activity was also significantly influenced by both salinity and 
dietary protein levels, except in 15ppt where there was no significant dietary effect 
(Fig. 4.31 Table 4.31). In all cases the activity of G-6-Pase was lowest in an 
intermediate salinity of 15ppt. Regarding the dietary influence that occured in SW and 
7ppt-adapted fish, this would seem to be in the form of G-6-Pase activities decreasing 
between high and low dietary protein levels. 
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Fig. 4.29 Eftect of salinity and dietary protein level on hepatic 
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Table 4.29 : Effect of salinily and dietary protein level on hepatic G6P-DH activity in Spams sarba: 
Two-way analysis of variance and Tukey lest. 
Dietary protein (%) 
Salinity (ppt) P _ f g 1! ^ 
a '42.6 39.2 ' 
35 1.1 ±3.2 ±3.3 ±4.7 6.7 3.4 
“ % 8 . 3 '45.8 i 39.6 ^ k ‘ 4 0 . 
±3.8 ±3.4 ±3.8 ±2.9 ±2.5 2.4 
" . "44 1 %9.8 '28.1 7.6 
I ‘ ‘ 
HcpaUc a6P-UH acUvl. ; . . . t o . s^ nlHc^ t c.cct ofv^ I^n^  dIcU. pro.. 
S denotes slalislical signiHcancc (p<U.U5. ^ 
levels at any particular salinity. f h>kand g; m ami n > r and I P>n,r and I q and t. 
Tukey lest, mulliplc coinpanson, .csulU 
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Table 4.30 : Effect of salinity and dietary protein level on hepatic hexokinase activity in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppl) 30 ^ 1 ! ^ 
— ~ c d e f 
% ,3 2 15 1.63 1.20 1.22 1.37 
35,s ±0 05 ±0.34 ±0.06 ±0.11 • 0.32 
g ” 3 ' 2 43 '2.31 '2.03 '1.98 ‘ 1.95 
n ±0.25 ±0.15 0.18 0.31 
- “ P i 92 % . 8 0 ' 1.15 
3 i .18 . 0 . 4 .18 0.12 
ws I u^  I 11 
„ , , , • aclivily expressed as … activity (/Mnole/g/nun) ' f i s ) refers to . significant cffccl of varying dicUiy protein 
Tukey test, .nulliple comparison, results hi. b > a,c,d’e 
l ; n > m ’ r a n c l t ; p > " — t; <!> 
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Fig 4.31 Effect of salinity ami dietary protein level on hepatic 
glucose-6-pliosphalase (G-6-Pase) activity in Spams sarba. 
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Table 4.31 : Effect of salinity and dietary protein level on hepatic G-6-Pase activity in Spams sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ 
‘ , b c d e f 
n 0 23 0.21 0.10 0.15 0.43 
33,s ±0 02 0.03 ±0.03 0.02 0.03 0.05 
h “ i j k / 
% 09 0.03 0.03 0.10 0.09 0.05 
13 i 0 02 ±0.01 ±0.01 ±0.03 ±0.02 . 
" " 0 22 % 1 8 %.20 '0 .32 ^ - 4 7 
1 2 4 0.06 0.08 
I Ih ib IL 
Hepatic 0-6-P«se activity expressed «s mean activity (^ ,": ;! ^^cJcZ^'^ refer, to . .ignif.cant cffcct of vanning d cUuy protein 
m sU.Ustical siguiHcancc (.><0.05 of v — g • on fi.h fed • p.^cuUr I c v c o f d ^ p r ^ -
level, at any — • sa.inUy. S P-f-^ wj^ U ^ M^^ d i; f>.-c and / n>h; p>i -d j r>e m,«’p and q t>l.m,n’p,q and 
Tukey test, .nulliplc compmi ’ results m. b>«,d,c , 
r. 
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4.3.5 Total digestibility 
Digestibility was influenced significantly by both dietary protein level and 
salinity (Fig. 4.32; Table 4.32). With regard to dietary composition, increasing 
dietary protein levels (or decreasing dietary carbohydrate levels) resulted in an 
increase in the digestibility of a diet in all salinities (despite fluctuations in 7ppt). 
With regard to salinity an obvious trend seemed to be more elusive, however, 
digestibility of a diet in a SW fish group only exceeded that of a group of fish held 
in a reduced salinity on one occasion (35ppt > 7ppt, 50% protein). Thus it would 
seem fair to say that an enhanced digestibility occurs in conditions of reduced salinity 
except at high protein rations (55%) where the digestion of the 55% protein diet was 
performed with equal efficiency by fish in all salinities. 
4.3.6 Intestinal enzymes 
Trypsin activity was significantly influenced by both salinity and dietary 
protein level (Fig. 4.33; Table 4.33). In all cases, fish fed an increasing dietary 
protein ration exhibited increasing intestinal trypsin activities. Fish held in 7ppt 
exhibited significantly higher intestinal trypsin activity than fish held in both SW and 
15ppt on all occasions except at 55% dietary protein levels where trypsin activity of 
fish held in SW was just as high. Surprisingly, 7-glutamyltranspeptidase (7-GT) 
activity was not significantly influenced by either salinity or dietary protein level (Fig. 
4.34; Table 4.34). However a-amylase activity was influenced in a fashion similar 
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to that of trypsin activity (Fig. 4.35; Table 4.35). a-Amylase significantly increased 
with increasing dietary protein levels in all salinities (p<0.05). Fish held in SW and 
15pjpt always produced a maximal a-amylase activities when fed diets containing no 
added digestible carbohydrate source (see Table 3.2). In 7ppt maximum a-amylase 
activity was found to occur in fish fed a dietary protein ration of 45%, after which 
a significant decline in activity took place in fish fed higher protein rations (50 and 
55%). 
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Fig. 4 .32 Effect of saliivily and dietary protein level on total digestibility in Spams sarba. 
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Table 4.32 : Effect of salinity and dietary protein level on total digestibility in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) “ 30 = 35 J g ^ 
a 44.3 b 62 3 ^ 66.2 ‘ 59.7 ‘ 72^2 ‘ 
35,s ±7.4 ±2.9 ±4.2 ±2.5 2.5 ±2.8 
“ g 62.9 h 65.9 ^ ^ - S ‘ ^ ^ Z 
s 1.5 ±2.8 " 1.8 
P q 45.1 r 60.4 ‘ 83.4 
Z S3 
SSSSi i lSSHSSHSSS 
Tukey icsl, ...uUiplc ccupariso.., rcsulU m b>«, c > a , 
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Table 4.33 : Effect of salinity and dietary protein level on intestinal trypsin activity in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) 30 ^ 
b c d e f 
% 7 41 7.49 9.09 10.2 15.8 
33,s = ±0.50 0.97 1.54 1.43 0.47 
“‘ • • Ic 
% 3 2 ' 7 44 '8.18 .56 12.7 9.10 
S ±0.29 ±0.59 ±1.75 ±0.63 2.84 
“ n Pm4 %8.3 'l7.0 ‘ 14.9 
0I7 . 1 .3 2.7 ±1.7 _ 
Trvn,in activity expressed as mean activity O^molc/g/.nui) S-B. (n - 4 pcr cell) u> . .igriincanl cfTcct of varying dicUiy protein 
Tukey lest, n.ulliplc comparison, result . 
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Fig. 4.34 Effect of salinily and dietary protein level on intestinal 
7-glutamylliaiispeptidase (7-GT) activity in Sparus sarba. 
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Table 4.34 : ElTect of salinily and dietary protein level on intestinal 7-GT activity in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Salinity (ppt) ^ ^ 
r t ^ 
“ s ^ i 
1 - 0 3 1 
L. I I I I I 
• •’ I„,c “ o n activity expressed as mean acUvily Ounolc/g/min) S.E. (n = 4 per cell) 
= — l o . u . o. V 
130 
Fig. 4.35 Effect of salinily and dietary protein level on intestinal a-amylase activity in Sparus sarba. 
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Table 4.35 : EITect of salinily and dietary protein level on intestinal a-amylase activity in Sparus sarba: 
Two-way analysis of variance and Tukey test. 
Dietary protein (%) 
Sallmty (ppO ^ ^ 
plT 7 4 
“ 6 
“ "‘ q r t 
'» ” P … o 63 2.09 1.69 
f ‘ 7 . 0 . 5 .0.35 
II ir' ‘ tHi v ^ 
m t c s — «-a.n>lase activity expressed as mean acUvily S p r c n x l d t l ' ^ S s ) refer, to . significnt cffcct of va^Ing V U u y - I a 
S denote, signif.cancc 0-0-05 “^^"^^!^ of va^ bg ..Unity on Hsh fed • P.nicuUr level ofd.cUo^  protean, 
levels at any pa.ticular .salinity. S p r e , : 0 «S r: o n , i q>dj.m.n.p r and t r>c.m «nd n; t>m. 
Tukey test, .nuUiple co.nparison, rcsulU "i: b > a’ f > a-e and I. k >g, i 
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Chapter 5 Discussion 
The present experimental design was in the form of a two-way matrix, which 
allowed six dietary protein levels to be assessed in relation to three salinities. Due to 
the relatively complicated experimental design the present chapter seeks to discuss, 
for the most part, parameters assessed and influencing variables in a relatively 
isolated manner. This has been done for the benefit of clarity and a coherent overall 
picture of the metabolism of the fish, taking into consideration interrelationships 
among the various parameters, will be presented in the conclusion (Chapter 6). 
5.1 Growth and conversion efficiencies 
No breakpoint was apparent in the growth curve of Spams sarba, relative to 
dietary protein incorporation (Fig. 4.1). Growth of S. sarba in seawater (SW) and a 
salinity of 15ppt increased in a manner that correlated positively with increasing 
incorporation of dietary protein. Studies conducted on other marine teleosts have 
normally resulted in a breakpoint with regard to growth and dietary protein level 
(Sabaut and Luquet, 1973; Kanazawa, 1980; Takeuchi, 1992). However, the diets 
used in the said studies were purified, involving the use of dietary protein sources of 
high biological value. As a result other ingredients such as carbohydrates and lipids 
can be incorporated in reasonably high proportions resulting in diets rich in energy. 
Another factor that can be taken into consideration is the size of the fish. In the 
present study the initial weight of the fish used ranged from 200-400g. In the other 
studies cited above, the initial weight of experimental fish ranged from 2-3.5g. Fish 
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in the present study were fed a daily ration of 2% body weight, regardless of any 
ability to consume more, which appeared to be evident in some cases. Finally the 
time duration of the experiment would have to be taken into consideration. Although 
a period of 45 days allowed the observation of a marked increase in body weight in 
many of the fish groups, an extension of the growth period may have resulted in a 
levelling of growth fluctuations that sometimes occurred within groups. 
Growth of fish in a salinity of 15ppt exceeded that of fish fed the same diets 
and held in salinities of 7ppt and SW on all occasions. Superior growth in isosmotic 
salinities is a phenomenon also reported by Alliot et al (1983) for European sea bass 
{Dicentrarchus labrax), DeSilva and Perera (1985) for tilapia (Tilapia nilotica), Jurss 
et al. (1986) for rainbow trout (Oncorhynchus mykiss) and Teskeredzid et al (1989) 
for rainbow trout {O. mykiss) (see Table 2.2). In the present study the effect of 
salinity adaptation, in terms of growth, is more pronounced than variations in dietary 
protein levels alone. This would seem to indicate that culturing S, sarba in conditions 
of intermediate/isosmotic salinity is, in terms of growth, a beneficial strategy. In 
7ppt-adapted fish, growth, protein efficiency ratio (PER) and food conversion ratio 
(FCR) were all optimal around 35% protein, with subsequent increases in dietary 
protein levels having no beneficial effect. Growth of Tppt-adapted fish fed protein 
rations of 35% and 40% were significantly better (p<0.05) than growth of SW fish 
fed the same diets, indicating that exposure of S. sarba to low salinities may not 
necessarily incur any great disadvantage, regarding sustained increments in growth, 
as long as low protein rations are fed. PER displayed by fish fed low protein diets 
(30%) and cultured in a salinity of 15ppt is significantly higher (p<0.05) than that 
displayed by fish, fed the same diet, and cultured in SW and 7ppt (Fig. 4.2), a 
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phenomenon that is also apparent in Tilapia nilotica (DeSilva and Perera, 1985). As 
the PER trend in 15ppt-adapted fish is one of decreasing value with increasing dietary 
protein and the same trend in SW fish is one of increasing value with increasing 
dietary protein, it would seem to suggest that more dietary energy is available to the 
fish in 15ppt. This is under the assumption that increments in wet weight occur as a 
result of protein deposition (PER being directly proportional to growth), and that 
dietary nutrients other than protein are being utilized, for energetical purposes, to a 
greater degree in 15ppt-adapted fish than in SW fish. If the diets are the same, this 
phenomenon could only occur as a result of the salinity change. This would seem to 
support the theory of diminished metabolic cost of osmoregulation in an isosmotic 
environment (Canagaratnam, 1966; Lotan, 1966; Febry and Lutz, 1987). If the basal 
energy demand of the fish has been reduced via salinity adaptation, the feed supplied 
will present a more fruitful supply of energy than if the fish were in SW. However, 
it should be noted that increments in wet weight (growth) occurring as a result of 
lipid deposition may confound any interpretation of differences in PER, unless 
supplemented with a full carcass analysis. The kind of phenomenon proposed, as a 
result of salinity adaptation, is known to occur in fish held in a single salinity and fed 
diets with varying energy contents (see Steffens, 1981 for review). In 7ppt-adapted 
fish PER also decreases between 35-55% protein diets. However in this case it 
appears to be a result of the decline in growth rates displayed in the same groups. 
FCR in SW fish declines as the fish convert more food into fish flesh and as such a 
marked difference can be seen between fish fed low protein diets (30-40%), and fish 
fed high protein diets (45-55%). Fish adapted to 15ppt appeared to convert food 
equally well at all protein rations as no significant dietary effect is present. Low 
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FCR s and high FCE s in 15ppt fish, emphasize an enhanced dietary utilization at this 
salinity. Fish held in 7ppt and fed high protein rations (50 and 55%) display very 
high FCR s indicating a very poor utilization of the diets supplied. 
5.2 Metabolism 
5.2.1 Ammonia excretion 
Changes in the composition of experimental diets, with regard to dietay protein 
level, have a marked and significant effect on rates of post-prandial ammonia 
excretion in Spams sarba. In SW and 7ppt fish, ammonia excretion increases as the 
level of dietary protein increases, an effect that has also been reported by Gallagher 
and Matthews (1987) for Anguilla rostrata and Wright (1993) for Oreochromis 
nilotica. This phenomenon is considered to occur as a result of the direct deamination 
of amino acids digested and absorbed from the food (Jobling, 1993). Ammonia 
produced by oxidative deamination, if not reused for amination, is toxic and therefore 
cannot accumulate in the blood or body organs (Hepher, 1988). It is, therefore, 
excreted. The remaining carbon residues of the amino acids are used for metabolic 
purposes and as such the excreted amino fractions represent an energy loss from the 
food (Jobling, 1981). Interestingly, 15ppt fish, for the most part, do not display 
increments in ammonia excretion rates, with regard to dietary protein levels, that 
parallel their counterparts in SW and 7ppt. Ammonia excretion rates of 15ppt-adapted 
fish tend to be not only lower than fish in SW and 7ppt, indicating a reduction in 
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protein catabolism, but uniformly low, (except when fed 55% protein diets). 
Gallacher and Matthews (1987) demonstrated that A, rostrata fed constant 
protein/energy (P/E) ratio diets that were relatively rich in energy, when compared 
to isocaloric diets fed in a parallel experiment, mean ammonia excretion rates did not 
significantly differ as protein ration increased. This indicated that if the P/E ratio was 
held constant at a high level, increasing dietary protein levels did not result in 
increased protein catabolism. However when isocaloric diets, with lower P/E ratios, 
were fed, any increment in dietary protein level resulted in a significant increase in 
mean ammmonia excretion rate. The mean ammonia excretion rate of S. sarba in 
15ppt remains relatively stable, except at very high protein rations (55%), and as such 
this would seem to indicate a shift in the amount of available dietary energy. As 
mentioned earlier, when discussing PER, the diets have remained the same and any 
change in available energy would have to be attributed to alterations in the salinity 
and subsequent alterations in the basal energy demand of the fish. 
5.2.2 Oxygen consumption 
Oxygen consumption was not significantly affected by variations in dietary 
protein level (p>0.05) at any salinity, indicating that increased levels of protein 
catabolism did not result in increased energy expenditure, and subsequent increments 
in O, consumption. This was also reported for American eels {Anguilla rostrata) fed 
isocaloric diets with protein levels ranging from 30-40% (Gallagher and Matthews, 
1987). Oxygen consumption was, however, significantly influenced by salinity. 
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Sparus sarba held in an intermediate salinity of ISppt tended to display lower rates 
of O2 consumption than S. sarba held in SW and 7ppt. If the rate of O2 consumption 
is minimal at an ambient isosmotic salinity, with increasing rates at lower and higher 
salinities, the magnitude of metabolic increase at salinities other than isosmotic would 
appear to be a function of the osmotic gradient between internal and external 
concentrations (Nordlie, 1978). This kind of metabolic response to salinity adaptation 
has also been reported for rainbow trout Oncorhynchus mykiss (Rao, 1968), striped 
mullet Mugil cephalus (Nordlie and Leffler, 1975), Atlantic menhaden Brevoortia 
tyrannus (Hettler, 1976) and young Ambassis interrupta (Nordlie, 1978). 
5.3 Organ indices 
Hepatosomatic index (HSI) displayed a pronounced and significant change 
(p<0.05) with regard to dietary protein levels. Increasing protein rations resulted in 
a parallel decline in HSI. This occurred in fish held in all salinities. This effect can 
be attributed entirely to changes in dietary carbohydrate. Increasing levels of dietary 
carbohydrate, that replace decreasing levels of dietary protein resulted in an increased 
deposition of liver glycogen which was always highest at the lowest protein ration and 
always lowest at the highest protein ration. This kind of change in HSI relative to 
dietary carbohydrate level has been reported for a number of fish including red sea 
bream Chrysophrys major and yellowtail Seriola quinqueradiata (Furuichi and Yone, 
1980) rainbow trout Oncoryhnchus mykiss (Hilton and Atkinson, 1982), Cod Gadus 
hua (Hemre et al 1989), Siberian sturgeon Acipenser baeri (Medale et al. 1991) 
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and hybrid striped bass [Morone chrysops ? x M. saxatilis d] (Nematipour et aL, 
1992). However, it should be noted that changes in HSI are not always attributed 
solely to increases in glycogen deposition, and can often occur as a result of lipid 
deposition as was reported by Serrano et al. (1992) for red drum (Scianeops 
ocellatus). Lipid deposition in S. sarba would seem to be the source of differences 
that arise in HSI between salinities (see Fig. 4.27). Jurss et al (1986) reported that 
HSI was significantly influenced by salinity in rainbow trout (O. mykiss). Adaptation 
of O. mykiss from freshwater (FW) to salinities of 8 and 20ppt resulted in HSI 
increasing in a parallel manner. In S. sarba there is no significant difference in the 
HSI of SW and 15ppt-adapted fish, but a further reduction in the salinity (to 7ppt) 
resulted in a significant increase in HSI in nearly all cases (except high protein 
rations, 55%). Viscerosomatic index (VSI) decreases as dietary protein ration 
increases. In fish fed diets containing lower protein rations, and consequently higher 
carbohydrate rations, the viscera of the fish tended to consist of more intraperitoneal 
fat (Kelly, unpublished observations). A lower VSI exhibited by fish fed high protein 
rations (55%) may, in part, be due to the lower levels of dietary fat in 55% protein 
diets. Increases in dietary carbohydrate, with or without increases in dietary fat also 
caused an increase in intraperitoneal fat deposition in hybrid striped bass (M. chrysops 
9 X M. saxatilis 6) (Nematipour et al, 1992). Interestingly, high levels of starch did 
not stimulate increases in VSI to the same degree as high levels of dietary fat in 
Siberian sturgeon (A baeri) (Medale et al 1991). VSI of SW fish and in particular, 
7ppt fish, were very often greater than those found in 15ppt fish. This, together with 
the occurrence of lower lipid deposition in the liver of 15ppt fish (see Fig. 4.27; 
Table 4.27) would seem to indicate that lipid is playing a more active role in the 
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metabolism of 15ppt fish. 
At four out of six dietary protein levels, renosomatic index (RSI) in 7ppt fish 
exceeded that of fish held in higher salinities. This is particularly evident in fish held 
in 7ppt and fed high protein rations. Rainbow trout {O. mykiss) displayed an increased 
RSI when adapted from FW to salinities of 8 and 20ppt (Jurss et al., 1986). Without 
further analysis it is difficult to speculate as to why this phenomenon occurred in S, 
sarba, except to say that the fish held in a salinity of 7ppt may have a tendency to 
produce copious amounts of dilute urine instead of small amounts of reasonably 
concentrated urine. This alone could cause substantial tissue hydration within the 
organ. Whatever the cause may be, it is the first indication that the fish in these 
groups may be under a certain degree of osmotic stress. 
Gonadosomatic index (GSI) is observed to be significantly higher in 7ppt fish 
on two occasions. However, the GSI displayed by these fish, and fish in the other 
groups, probably do not reach levels that constitute a mature fish. Ng et al (1986) 
reported that sexually mature black sea bream (Mylio macrocephalus) exhibited GSVs 
that ranged from 5-7% whereas developing fish displayed GSI s ranging from 0.6-
1.2%. As such, it would seem very unlikely that a re-direction of ingested nutrients 
to form gonadal products would have interfered in day-to-day growth processes in 
Spams sarba, 
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5.4 Serum metabolites 
5.4.1 Serum ions 
Transfer of a fish from one salinity to another will usually result in 
fluctuations in serum electrolytes. Woo and Fung (1981) demonstarted that red sea 
bream (Chrysophrys major) transferred from full SW (900 mOsm/kg) to different 
diluted media (660 470, 340 and 170 mOsm/kg) displayed a marked reduction in 
serum osmolality and Na+ only after the water was reduced below 340m0sm/kg to 
170m0sm/kg. Serum K+ remained unchanged even at levels as low as 170m0sm/kg. 
Similarly, in the black sea bream {Mylio macrocephalus), serum K+ levels remained 
unchanged after transfer from 30ppt to 7ppt as did serum Ca2+ levels (Woo and Wu, 
1983). Upon transfer from 30ppt to 7ppt serum Na+ levels in M. macrocephalus, 
although initially reducing, appeared to increase to levels higher than those found in 
SW fish. This kind of data demonstrates that at least these two species of 
commercially important sea bream are reasonably efficient osmoregulators. However 
both these experiments were conducted under conditions of starvation and both 
experiments lasted for relatively short periods of time (the former being 150 hours, 
the latter 336 hours). In the present experiments, S. sarba were actively feeding. 
Despite this serum Na+ levels were unaffected by changes in dietary composition. 
However, although fluctuating slightly, serum Na+ levels were affected in many cases 
by salinity. Fish held in 15ppt display a significant reduction in serum Na+ levels in 
3 out of 6 protein levels (30 35 and 50%). Where this occurs a new steady state 
appears to have been reached at levels approximately 15% lower than that of fish held 
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in SW. Fish held in 7ppt displayed a significant reduction in serum Na+ levels in 4 
out of 6 protein levels (30,35,40 and 50%). This time a new steady state appears to 
be around 20% lower than that of fish held in SW. Although serum Na+ is 
undoubtedly affected by salinity in many groups of fish, reasons as to why this did 
not occur in all groups seem to be rather elusive. Serum chloride, however, seems 
to be more consistently influenced by changes in salinity. In particular, CI" levels in 
Vppt-adapted fish are nearly always significantly lower than CI" levels in SW fish. 
However again, on occasions this trend is not apparent. In most cases reductions in 
serum Na+ or CI" do not exceed a range of 20% and as such S. sarba appears to be 
a reasonably efficient osmoregulator. However, this did not appear to be the case with 
serum CI" in 7ppt-adapted fish fed 55% dietary protein, where CI- levels fell 60%. 
Serum K+ levels appeared to be markedly lower in many 7ppt groups, as did serum 
Ca2+. With respect to serum Ca^"", reductions seemed to be particularly evident in 
7ppt high protein groups (50 and 55%). Again the data would seem to indicate that 
the only fish that appeared to be subject to any degree of osmotic stress are those 
being fed high protein rations in 7ppt. Serum CT and Ca . are significantly influenced 
by dietary protein level in all salinities. However, it would probably be more accurate 
to say that serum CI" and Ca^^ levels are influenced by dietary composition, more 
specifically, with regard to mineral mix incorporation (see Table 3.2). Incorporation 
of mineral mix in the diets decreases as the protein level increases. This decline in 
mineral mix was theoretically counteracted by the increasing incorporation of 
fishmeal, which contained around 20% ash (see Table. 3.1). As the composition of 
the fishmeal ash component is not known it has to be excluded from any speculation 
as to why dietary composition influenced serum CI" and C a - levels. This renders any 
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explanation tentative, to say the least. Serum CI" levels in SW and 7ppt fish appear 
to decline with increasing dietary protein levels. Increasing dietary protein levels are 
paralleled by decreasing incorporation of dietary mineral mix, of which around 8% 
is sodium chloride and 6% is potassium chloride. This could, in part, explain a 
dietary influence, but, Na+ and K+ are also present in the mineral mix and dietary 
incorporation of either of these ions appeared not to influence the serum levels of the 
fish in a manner that is dietary related. In addition serum CI" levels in 15ppt fish, 
although statistically expressing a significant dietary effect (p<0.05), appear to 
fluctuate in only two groups (30 and 35% protein) with levels in the groups 40-55% 
remaining remarkably constant despite a declining incorporation of mineral mixture. 
Serum Ca2+ levels also seem to be lacking any specific trend with regard to a 
significant dietary effect. 
5.4.2 Serum protein, ce-amino acids and ammonia 
Serum protein levels were not significantly influenced by changes in salinity 
in Sparus sarba. This response was also apparent for the marine teleost Chrysophrys 
major when exposed to a salinity range of 900-170m0sm/kg. In contrast the 
stenohaline freshwater snakehead {Ophiocephalus maculatus) displayed a marked 
response, with regard to serum protein levels. As this fish was acclimated from FW 
to 25 33 and 40% SW, serum protein levels increased in a manner that correlated 
positively with increasing salinity (Woo and Tong, 1981). In S. sarba serum protein 
levels responded significantly to changes in dietary protein level in only one salinity 
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(7ppt). Fish held in 7ppt and fed high protein rations displayed significantly lower 
serum protein levels than all other fish groups. Whether this is, in part, a cause or 
effect of the poor growth performance of these fish remains unclear, however the low 
values do correlate in some manner with the poor growth. All other groups seem not 
to be affected by variations in dietary protein ration as was also reported for rainbow 
trout {Oncoryhnchus mykiss) fed different levels of dietary protein (Alexis et al, 
1986). Serum protein levels in red sea bream (C. major) also remained remarkably 
stable when these fish were fed either a starch rich diet (40% corn starch/30% 
protein) or a protein rich diet (14% corn starch/46% protein) (Chung, 1987), as did 
the plasma protein levels of yellowtail (Seriola quinqueradiata) fed dietary protein 
levels ranging from 35-65% (Shimeno, 1982). 
Levels of circulating a- amino acids, in S. sarba’ correlate positively with 
increasing dietary protein levels in all salinities. Elevations in circulating amino acids, 
with respect to increments in dietary protein levels, have also been reported for 
rainbow trout ((9. mykiss) (Cowey et al, 1977) and red sea bream (C. major) 
(Chung, 1987). Generally speaking, the different levels of circulating a-amino acids 
evident between very low protein rations (30%) and higher protein rations (55% in 
SW and 50 and 55% in 15 and 7ppt) have a consistency about them, in that they tend 
to vary little. The higher levels of circulating a-amino acids displayed by fish fed 
55% protein rations could be considered to be indicative of the increased rate of 
protein catabolism, amino acid deamination and subsequent ammonia excretion, that 
occurs at these rations (see fig. 4.5; Table 4.5), whereas the opposite could be said 
to be happening in fish fed 30% protein diets. A possible relationship may also exist 
between levels of circulating .-amino acids and gluconeogenic activity in S, sarba’ 
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evident via a marked elevation in circulating ce-amino acids and enhanced glucose-6-
phosphatase (G-6-Pase) activity in fish fed high protein diets and held in 7ppt (see 
Fig. 4.31; Table 4.31). This indicates that S. sarba cultured in low salinities (7ppt) 
do not appear to benefit from high protein diets and may agian indicate that these fish 
are subject to a degree of environmental stress. C. major was also reported to have 
elevated levels of plasma a-aniino acids, coupled with an increase in G-6-Pase 
activity, when exposed to a hypotonic medium of 170m0sm/kg (Woo and Fung, 
1981). 
Serum ammonia levels are influenced by both dietary protein level and, in 
most cases, salinity. The serum ammonia levels in 7ppt fish reflect the exogenous 
excretion rates, in that fish other than those fed the lowest protein ration display a 
marked and sustained increase in ammonia levels (see Fig. 4.5). Due to this sustained 
elevation, 7ppt fish are mainly responsible for the significant difference between fish 
held in different salinities, with fish held in SW and 15ppt tending to have lower 
levels of circulating serum ammonia. Higher levels of serum ammonia would seem 
to indicate enhanced levels of protein catabolism, however it should be noted that 
serum ammonia levels often reflect an intermediate stage between the processes of 
production and excretion and as such are often difficult to interpret. 
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5.4.3 Serum glucose 
Varying dietary protein rations have a significant effect on serum glucose 
levels in all salinities, with serum glucose positively correlating with decreasing 
protein rations. This would not seem unusual considering that when digested, 
carbohydrates are converted mainly into glucose which is absorbed into the blood 
(Hepher 1988). Surprisingly the opposite trend occurs in yellowtail {Seriola 
quinqueradiata), another carnivorous marine teleost, which does not seem to exhibit 
any significant response, in terms of blood glucose levels, when diets fed contain 
carbohydrate (ce-potato starch) levels that range from 0-40% (Shimeno, 1982). This 
may be in part due to the low tolerance that these fish have for artificially formulated 
diets, as when a diet consisting of Japanese horse mackerel is fed to the same species, 
and compared with a diet containing 9% carbohydrate (a-potato starch), glucose 
levels are substantially lower in fish fed horse mackerel (Shimeno, 1982). No 
correlation was found between dietary protein level and circulating glucose levels in 
rainbow trout {Oncoryhnchus mykiss) fed protein rations ranging from 40-50% (Alexis 
et al, 1986). Plasma glucose levels of rainbow trout {O, mykiss) increased when fed 
high carbohydrate diets (Cowey et al 1977) with a similar response being displayed 
by cod (Gadus morhua) when fed increasing levels of dextrinized potato starch 
(Hemre et al 1989). Serum glucose levels in Chrysophrys major were also elevated 
when fish were fed a carbohydrate rich diet as opposed to levels when the same 
species was fed a protein rich diet (Chung, 1987). Of particular interest is the 
significant dietary effect on serum glucose that occurs in 15ppt fish. This manifests 
in the form of a reasonably high mean value in fish fed 50% protein diets, that is 
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significantly different from glucose levels in fish fed a 55% protein diet (a group that 
displays a reasonably low mean serum glucose value). Fish fed diets containing 29, 
21, 14, 7 and 0% dextrin do not display significantly different serum glucose levels. 
This would seem to indicate that glucose levels, rather than being high in the 55% 
(0% dietary dextrin) group, are somewhat lower in groups fed varying amounts of 
dietary dextrin, and as such it would seem fair to say that glucose in these groups 
may be playing a more active role in the metabolism of the fish, as indicated by its 
partial absence. This may, in turn be supported by data obtained on the activities of 
certain hepatic enzymes which will be discussed later. 
Changes in serum glucose levels induced by salinity in S. sarba are most 
apparent between fish held in SW and those held in 7ppt. At this point it would seem 
fair to say that a degree of haemodilution appears to be occurring in 7ppt fish (taking 
also into consideration electrolyte levels), particularly in fish fed high protein diets 
(50 and 55%). Serum glucose in 15ppt fish did not differ greatly from SW fish. 
Where lower levels are found in 15ppt fish, it occurs in groups fed low protein diets 
and may be as a result of the theory put forward in the last paragraph. Dilution of the 
external medium had no effect on the serum glucose levels in C. major when fish 
were adapted from 900 mOsm/kg down to 170 mOsm/kg under conditions of 
starvation (Woo and Fung, 1981). Sea bass {Dicentrarchus labarax), however, upon 
acclimation from SW to a salinity of 5ppt, displayed an acute elevation in serum 
glucose levels which then returned to a new steady state around 10% above control 
levels in SW, indicating an enhanced use of glucose to cope with the new osmotic 
regime (Roche et al. 1989). This does not, however, take into consideration the 
parallel and evident hypercortisolemia which also occurred and may have had a role 
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in enhancing gluconeogenesis in the fish (Chan and Woo, 1978; Vijayan et al, 1991). 
A similar phenomenon occurs in the euryhaline tilapia {Oreochromis mossambicus) 
when transferred from dilute SW to FW (Assem and Hanke, 1981). In this case, 
however, plasma glucose levels are slightly lower, at the new steady state, than in 
dilute SW controls. In S. sarba the new steady state in, 7ppt fish, would seem to 
reflect the change in salinity (that is a substantial reduction) rather than an ability to 
regulate at a level close to that of control fish and as such a salinity of 7ppt may 
indicate the far end of the scale when considering its ability to osmoregulate 
satisfactorily. Indeed, Wu and Woo (1982) demonstrated that the critical limit for this 
species is near 5ppt. 
5.4.4 Serum lipids 
Serum lipids are significantly affected by dietary protein levels in all salinities 
(p<0.05). In SW fish this effect seems to result from a single high mean value 
occurring at a protein a ration of 45%, and as such no trend is evident with respect 
to the role of varying dietary protein levels on serum lipids in these fish. In reduced 
salinities, however, serum lipids seem to be elevated at low protein rations, declining 
as protein ration increases. In 15ppt serum lipids only decline in one group of fish 
(fish fed 50% dietary protein), which may indicate enhanced utilization of dietary 
lipid at this salinity as lipid deposition in the liver (Fig. 4.27) and viscera (Fig. 4.8) 
is low, while white muscle lipid appears to relatively unchanged, or even lower, when 
compared with SW groups. In addition the enzyme responsible for generating 
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NADPH for lipogenesis (G6P-DH) does not differ significantly in its activity between 
the salinities tested. Woo and Fung (1982) also found plasma lipid levels to be 
maximal in isosmotic water, in red sea bream {Chrysophrys major) under conditions 
of starvation, which would appear to represent a reduced substrate utilization. Plasma 
lipid levels were however, found to be unchanged relative to dietary protein content 
in rainbow trout {Oncorynchus mykiss) (Alexis et al. 1986). Additionally, plasma 
lipid levels in the stenohaline snakehead {Ophiocephalus maculatus) were found to be 
unaltered by changes in salinity (Woo and Tong, 1982). Dendrinos and Thorpe (1985) 
reported plasma lipid levels in Dicentrarchus labarax to be lowest in SW fish, after 
testing a range of salinities (5-33ppt), however this corresponded with the lowest 
carcass lipid composition in the fish. 
5.4.5 Serum hormones 
While Higgs and Bales (1978) reported that different caloric and (or) nutrient 
intake have a pronounced effect on T4 kinetics in brook trout {Salvelinus fontinalis), 
Spams sarba displayed no such response. However, Higgs and Bales (1979) also 
reported that when radiothyroxine kinetics were assessed in S. fontinalis fed either 
high protein/high calorie diets or low protein/low calorie diets, once a day for 31 
days, the data suggested that feeding a low protein/low calorie diet may depress 
thyroidal function. The diets used to feed Sparus sarba were isocaloric regardless of 
protein level, and as such T, levels, with regard to dietary protein ration, may only 
reflect the energy content of the diet rather than the protein content. What is apparent 
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in the T4 data is the vast differences that occur between fish held in varying salinities 
and fed high protein rations. In particular, the circulating T4 levels apparent in fish 
fed a protein ration of 55% and held in 7ppt are markedly lower than fish under the 
same conditions, held in 15ppt. The latter of these groups exhibited the best growth 
performance, while the former the worst. In this case the T4 levels of ISppt-adapted 
fish, fed a dietary protein ration of 55%, were also significantly higher than 
circulating T4 levels in their counterparts in SW. Levels of circulating thyroxine were 
also reported to to be highest in Oreochromis mossambicus adapted to 50% SW, when 
compared to fish held in FW and SW (Woo et al. unpublished) and it is of interest 
to note that O. mossambicus adapted to 50% SW displayed superior growth rates 
when compared to their FW and SW counterparts. 
Serum Cortisol levels in Sparus sarba were not significantly affected by either 
dietary protein ration or varying salinity. This is somewhat surprising, in particular 
with respect to salinity changes, as euryhaline teleosts invariably display some form 
of response, via circulating Cortisol levels, when transferred from one salinity to 
another, which very often results in a new steady state being reached that represents 
a slight elevation with regard to a control fish. This has been demonstrated in fish 
such as the European sea bass {Dicentrarchus labarax) which exhibited a sustained 
elevated plasma Cortisol level after acclimation from SW to dilute SW of 5ppt (Roche 
et al. 1989). Why this did not occur in S, sarba may be in part explained by the raw 
data obtained, which indicated that inter-group variation was so vast that resultant 
standard errors made statistical significance difficult. 
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5.5 Proximate composition of white muscle 
Muscle moisture significantly increases in Sparus sarba as the salinity is 
reduced from SW to 7ppt. Muscle moisture also increases in three out of six 15ppt-
adapted groups, although despite this, remaining relatively stable. It would seem then 
that a degree of tissue hydration is occurring in S. sarba exposed to low salinities of 
7ppt. This is, again, particularly evident in 7ppt groups fed high protein rations (50 
and 55%), which display muscle moisture levels that are significantly higher than all 
other fish groups held in the same salinity. This supports earlier speculation that these 
fish are suffering from a degree of osmotic stress. This also occurs in red sea bream 
{Chrysophrys major), which maintains a relatively stable muscle water content down 
to 340 mOsm/kg after which, further reductions in salinity cause muscle moisture to 
elevate significantly (Woo and Fung, 1981). Paradoxically muscle moisture content 
in black sea bream (Mylio macrocephalus) declines when it is subjected to a long term 
adaptation period in dilute SW of 3ppt (Woo and Wu, 1982). Grouper (Epinephalus 
akaara) also exhibit a similar decline in muscle moisture when subjected to a long 
term adaptation period in a salinity of 12ppt. Salinity, however, has been reported to 
have no effect on the proximate composition of the body and white muscle tissue of 
the euryhaline sea bass {Dicentrarchus labarax) (Alliot et al, 1983; Dendrinos and 
Thorpe, 1985). In line with this, Duston (1994) reported that Salmo salar parr that 
survived exposure to salinities greater than 20ppt exhibited normal muscle water 
content. 
Muscle lipid levels in Sparus sarba are not significantly affected by protein 
ration. Levels in SW fish fall within a range of 2.5-4.5% which would appear to be 
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in line with total lipid levels found in the muscle of other species of seabream, such 
as Sparus aurata (El-Sayed et al. 1984). Lipid levels displayed a typical, inversely 
proportional, relationship to moisture content in S. sarba muscle (Love, 1970), with 
regard to salinity. This was most evident in the values obtained from fish held in 
7ppt, which in general tended to be significantly lower than values found in SW or 
15ppt-adapted fish groups. Lipid levels in S, sarba muscle are, generally speaking, 
not significantly different between SW fish and 15ppt fish which indicates (along with 
VSI and liver composition) that lipid deposition is unlikely to be responsible for 
enhanced wet weight gain in 15ppt fish. Muscle ash is not significantly affected by 
either salinity or dietary protein ration. Thus, in 7ppt, although a degree of tissue 
hydration has occurred, this did not seem to be coupled with tissue 
hypomineralization. This typifies a euryhaline response to varying salinities as was 
exhibited by European sea bass (D. labarax) (Alliot et al” 1983; Dendrinos and 
Thorpe, 1985). Stenohaline fish respond to salinity variation with marked changes in 
the carcass ash levels such as that displayed by the freshwater catfish Mystus vittatus 
which exhibited marked carcass hypermineralization when transferred from FW to 
dilute SW. 
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5.6 Proximate composition of liver 
Liver moisture levels appears to be significantly affected by dietary protein 
rations in 15ppt and 7ppt fish (Fig. 4.25). However, these fluctuations in 15ppt fish 
are probably as a result of intergroup variation as no trend appears to be present. In 
7ppt fish, liver moisture is significantly elevated in groups fed high protein rations, 
a phenomenon that occurs in starving red sea bream (Chrysophrys major) when 
adapted to % and Vz SW (Woo and Murat, 1981). This again is indicative of the stress, 
Spams sarba held in these conditions, seemed to be under. Moisture content of 
Seriola quinqueradiata liver decreases with increasing incorporation of dietary 
carbohydrate (Shimeno, 1982). This seems to mainly be as a result of displacement 
by increasing lipid deposits, occurring due to high levels of non-protein dietary 
energy present in the diet. This would seem to indicate that Spams sarba, despite 
being a carnivorous marine teleost such as Seriola quinqueradiata can tolerate, to a 
greater degree, incorporation of dietary carbohydrate in its diet. 
Liver protein was not significantly influenced by dietary protein ration in 
Spams sarba. This was also true for Seriola quinqueradiata fed diets containing 
different levels of protein and carbohydrate (Shimeno, 1982), and cod {Gadus 
morhud) under similar conditions (Hemre et al 1989). In line with S. sarba, red sea 
bream (C. major) appeared to display no significant difference in liver protein levels 
when fed varying rations of protein and carbohydrate (Furuichi and Yone, 1980). C. 
major did, however, appear to exhibit decreasing levels of liver lipid as dietary 
protein decreased (carbohydrate increased), as did carp {Cyprinus carpio) and 
yellowtail OS. quinqueradiata). with carp displaying the lowest rate of decrease of the 
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three species (Furuichi and Yone, 1980). A similar response was exhibited by red 
drum (Sciaenops ocellatus) (Serrano et al.’ 1992). Shimeno (1982) also reported a 
rise in liver lipid levels of S. quinqueradiata that correlated positively with increments 
in dietary carbohydrate and negatively with increments in dietary protein levels. S. 
sarba however, displayed no significant change in liver lipid levels with regard to 
dietary protein ration, which would also seem to be the case in cod (Gadus morhua) 
(Hemre et al 1989). Marked significant differences in liver lipid did occur between 
fish held in different salinities. On all occasions liver lipid levels were significantly 
higher in 7ppt fish than in 15ppt fish. Livers of fish adapted to 7ppt also display a 
marked and significant elevation when compared to livers from SW fish on all 
occasions except one (low protein ration 30%). Why this enhanced lipid deposition 
occurs at 7ppt is not entirely clear as G6P-DH activity is not significantly affected by 
salinity. Low levels of liver lipid found in 15ppt fish indicate, again, that nutrients 
that are non-proteinaceous in origin are playing a more active role in the metabolism 
of S. sarba at 15ppt. 
Liver glycogen is not affected by salinity but is however significantly, and 
markedly, affected by dietary protein ration (or more accurately carbohydrate level). 
Increased levels of carbohydrate in the diets seem to result in an increasing deposition 
of liver glycogen and as such dietary protein levels correlate negatively with liver 
glycogen. This phenomenon was also reported by Pieper and Pfeffer (1980) for 
rainbow trout {Oncorynchus mykiss), Nematipour et al. (1992) for hybrid striped bass 
(Mowne chrysops 9 x M. saxatilis d), Furuichi and Yone (1980) for carp (C. 
carpio), red sea bream (C. major) and yellowtail (5. quinqueradiata) and Shimeno 
(1982) for yellowtail {S, quinqueradiata). It did not, however, occur in, cod (G. 
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morhua) fed varying levels of dietary protein and carbohydrate (Hemre et al, 1989) 
or C. major fed a high carbohydrate diet as opposed to C. major fed a high protein 
diet. It may also be feasible to suggest that as liver glycogen deposition in the three 
salinities did not differ, thus lower levels of circulating glucose in 15ppt fish (which 
cannot be attributed solely to haemodilution) appear to be as a result of utilization 
elsewhere. 
5.7 Hepatic enzymes 
5.7.1 Glucose-6-phosphate dehydrogenase (G6P-DH) 
Hepatic glucose-6-phosphate dehydrogenase (G6P-DH) in Spams sarba is 
significantly influenced by dietary protein levels, but not however, influenced by 
salinity. This is somewhat surprising as lipid deposition in the liver of 7ppt-adapted 
fish is more prevalent than that occurring in SW fish, and in particular ISppt-adapted 
fish. However, the G6P-DH activity of rainbow trout {Oncoryhnchus mykiss) held in 
a salinity of 8ppt does not differ significantly from that of O. mykiss held in FW or 
a salinity of 20ppt (Ji'irss et al, 1986). This occurs despite a significant increase in 
fat retention exhibited by fish held in 8ppt, as opposed to fish held in FW or 20ppt. 
Jurss et al (1986) suggested that higher levels of body fat in fish from 8ppt may not 
be as a result of more intensive lipogenic activity but of more frugal fat consumption. 
This may, in part, be true with regard to 5. sarba, as the poor growth rates 
(displayed by many fish groups) (Fig. 4.1), elevated ammonia excretion rates (Fig. 
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4.5) elevated serum ammonia levels (Fig. 4.17), elevated serum a-amino acids (Fig. 
4.16) and enhanced glucose-6-phosphatase (G-6-Pase) activity (Fig. 4.30) all indicate 
that dietary protein is being used for energetical purposes rather than growth. This 
may result in a decreased utilization of dietary lipids without necessarily stimulating 
high G6P-DH activities. Jurss et al. (1985) also demonstrated that G6P-DH activity 
was not influenced by salinity in O. mykiss but more distinctly by the composition of 
food, in this case being an increase in dietary protein levels at the expense of dietary 
lipid. Salinity did, however, promote a marked and consistent increase in Xiphorous 
maculatus exposed to h SW (Fried and Schreibman, 1972). 
Diet composition has been shown to influence G6P-DH (and other lipogenic 
enzymes) in a number of fish species. The effect on G6P-DH activity in S. sarba is 
most pronounced in 7ppt-adapated fish. In this salinity fish fed lower protein rations 
(higher carbohydrate) of 30-45% tend to have elevated G6P-DH activities when 
compared to their counterparts fed high protein rations (50 and 55%). This kind of 
dietary effect was also reported by Lin et al (1977) for coho salmon (O. kisutch), 
Hilton and Atkinson (1982) for rainbow trout {O. mykiss) and Likimani and Wilson 
(1982) for channel catfish (Ictalurus punctatus), and to a certain extent in O. mykiss 
fed high protein/non-carbohydrate diets (Lupianez et al• 1989) The dietary trend in 
SW and 15ppt fish seems to be more elusive, however, G6P-DH always peaks in 
activity in a low protein ration (35%). Although the response of G6P-DH activities 
in S. sarba agree with responses exhibited in some fish species, it would seem to be 
quite different from that found in Atlantic salmon {Salmo salar) which Arnesen et al 
(1993) reported to display no correlation between lipogenic enzyme activities and 
absorbed starch. S, salar was also reported to display G6P-DH activities that peaked 
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when 10% starch was fed in a diet, and subsequently decline with increasing 
carbohydrate incorporation (Borrebaek et al, 1993) 
5.7.2 Hexokinase 
Hexokinase activity is significantly influenced by both dietary protein levels 
and salinity in Sparus sarba. In all three salinities the dietary response of hexokinase 
would seem to be one of increased activity when S. sarba is feeding on lower dietary 
protein rations (therefore higher dietary carbohydrate rations). A similar response to 
levels of dietary carbohydrate was exhibited by hexokinase activity in the Atalantic 
salmon {Salmo salar) (Borrebaek et al.’ 1993). Similarly hexokinase activity in red 
sea bream (Chrysophrys major), yellowtail {Seriola quinqueradiata) and carp 
{Cyprinus carpio) was reported to be elevated following glucose administration (via 
oral administration in the form of varying levels of dietary dextrin) (Furuichi and 
Yone, 1982). Surprisingly, and despite differences in natural dietary habits, no 
significant differences were recognized in the hexokinase activity, of these three 
species of fish, before or after administration of glucose. Glycolytic enzymes have 
been reported to correlate negatively and significantly with increasing protein rations 
in Oncoryhnchus mykiss (Cowey et al., 1981). Rainbow trout ( a mykiss) was found 
to display low hexokinase activity (Walzem et al,’ 1991). It was also noted by 
Walzem et al (1991) that a slow rate of hexokinase increase with increased food 
intake resulted in a lower relative amount of of hexokinase activity in fully fed trout 
than in food restricted trout, a pattern of response that was thought to contribute to 
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the trout's hyperglycemic response to a high carbohydrate intake. 
The most apparent effect of salinity on hexokinase activity is that displayed 
in fish held in 15ppt. Generally speaking, hexokinase activity is significantly elevated 
in 15ppt fish. This is most apparent at the lowest protein (30%) ration and the three 
higher protein rations (45-55%). When exogenous glucose is metabolized by any 
tissue, it is phosphorylated at the expense of one mole of ATP per mole of glucose 
(Suarez and Mommsen, 1987). Hexokinase is required for the phosphorylation of 
glucose, which is a necessary step before glucose can enter the glycolytic pathway or 
be converted to glycogen (Knox et al., 1980). As glycogen deposition, in the liver 
at least, is not significantly different between fish held in all three salinities, it would 
seem to indicate that glucose, derived from dietary dextrin, is playing a key role in 
satisfying the energy requirements of fish in 15ppt. This may be supported by a 
general consistency in serum glucose levels, where a dietary effect is not as apparent 
as it is in other fish, and a decrease in the gluconeogenic enzyme glucose-6-
phosphatase (G-6-Pase) activity in 15ppt-adapted fish. Further support could be 
rendered by an analysis of muscle glycogen levels. Furthermore, and with reference 
to gluconeogenic activity, Furuichi and Yone (1982) also demonstrated that 
administration of glucose followed by administration of insulin, in carnivorous marine 
teleosts, caused an intensification of hexokinase activity, with a subsequent suppresion 
of G-6-Pase activity. G-6-Pase activity was not, however, suppressed unless insulin 
was administered and the authors suggested this kind of response is responsible for 
the low tolerance of dietary carbohydrate, by carnivorous marine teleosts, in 
formulated feeds. It should be noted, however, that activity of hexokinase in rainbow 
trout (a mykiss) was not elevated by high carbohydrate diet but was stimulated by 
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a high carbohydrate diet together with an intraperitoneal insulin injection (4U/kg) 
(Cowey et al, 1977). 
5.7.3 Glucose-6-phosphatase (G-6-Pase) 
Glucose-6-phosphatase (G-6-Pase) activity is significantly influenced by dietary 
protein levels in SW fish and fish held in 7ppt, and by salinity in all three salinities 
tested. In SW and 7ppt fish, G-6-Pase activity tended to increase as dietary protein 
levels increased. This phenomenon was also reported by Cowey et al. (1977) and 
Cowey et al (1981) for rainbow trout (Oncoryhnchus mykiss). This change in activity 
of G-6-Pase in S. sarba would appear to reflect an adaptation to an altered balance 
in metabolic pathways, with protein being more readily utilized for energetical 
purposes, via gluconeogenesis, when it is incorporated at high levels. 
Liver G-6-Pase activity, with regard to salinity, was always significantly 
suppressed (p<0.05) in an intermediate salinity of 15ppt. This, as has been proposed 
earlier in the chapter, may be as a result of a change in the energy requirement of the 
fish cultured in a isosmotic point. This lowering of the energy demand of the fish 
would result in the diet presenting an abundant supply of energy and as such protein 
will be used for anabolic purposes rather than catabolic. This may, in part, be 
supported by the increase in hexokinase (a glycolytic enzyme) activity. 
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5.8 Total digestibility 
Digestibility is significantly influenced by dietary protein level in all salinities 
(p<0.05). Salinity also exerts a significant influence on total digestibility at most 
dietary protein levels (p<0.05). The digestibility of a nutrient is often dependent on 
its quality and often on the fish species it is used to feed. Fishmeal is reported to be 
moderately digestible (50-90%) when fed to milkfish (Chanos chanos) (Ferraris et al., 
1986) and starch digestion is enhanced by gelatinization in chinook salmon 
{Oncoryhnchus tshawytscha) (Higgs et al 1983). The overall digestibility of the diets 
by Spams sarba increases as dietary protein increases and dietary starch decreases. 
This falls in line with data obtained for both intestinal proteases and carbohydrases 
in this species (see Figs. 4.33 and 4.35). In tilapia {Oreochromis mossambicus), 
however, digestibility was shown to be unaffected by dietary protein levels (Jauncey, 
1982). Salinity was also shown to have no effect on the digestibility of experimental 
diets, ranging in protein content from 9.6% to 30.4%, in Oreochromis niloticus 
(DeSilva and Perera, 1984). Salinity was implicated in the change of nutrient 
digestibility in milkfish (C chanos) by Ferraris et al. (1986), Atlantic salmon smolts 
i^Salmo salar) by Usher et al (1990) and Arctic charr (Salvelinus alpinus) by Ring0 
(1991). In all of the above cases protein digestibility tended to be lower in fish held 
in SW and salinity adaptation is implicated in the form of the SW drinking response 
that occurs when fish are transferred from FW to SW. It is also of interest to note 
that Ring0 (1991) reported additional reductions in the digestibility coefficients of 
lipid and some dietary fatty acids when 5. alpinus were reared in SW and compared 
to S. alpinus reared in FW. sarba did not clearly display such a response, with 
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regard to total digestibility, despite exhibiting significantly higher digestibilities in two 
out of six 7ppt-adapted groups. Digestibility did not seem to be correlated to the 
growth rate of S. sarba, as fish that displayed reasonable dietary digestibility did not 
always exhibit reasonable growth. As such, it would seem that the fate of nutrients 
absorbed would seem to play a more important role in the performance of S, sarba 
in varying salinities and fed varying protein rations. 
5.9 Intestinal enzymes 
5.9.1 Trypsin 
Trypsin is an important digestive protease in the gastrointestinal tract of 
carnivorous marine teleosts (Overnell, 1973; Glass et al., 1987 and Martinez and 
Serra, 1989). In Spams sarba trypsin activity correlated positively with increasing 
dietary protein incorporation and as such also reflected the digestibility of the diets. 
Proteolytic activity was shown to increase in roach {Rutilus rutilus) and rudd 
{Scardinius erythrophthalmus) when fish were feeding on a diet rich in animal matter 
opposed to a detritus rich diet (Hofer, 1979). So it would seem that increased 
incorporation of dietary protein in diets fed to S. sarba resulted in increased 
proteolytic activity and increased dietary protein absorption. 
Salinity also significantly affected trypsin activity, manifesting in the form of 
increased activity in 7ppt fish. Similarly, proteolytic activity in Oreochromis niloticus 
held in FW was lower than that of fish held in SW (it should be noted that this 
resulted when a normal Tris-buffer medium was used for the assay and proteolytic 
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activity of SW and FW fish was similar when the enzymes were assayed in a high salt 
medium) (Fang and Chiou, 1989). This would seem to agree with data reported by 
Ferraris et al (1986) Usher et al (1990) and Ringer (1991) that digestion may be 
enhanced in fish exposed to FW. 
5.7.2 7-Glutamyltranspeptidase (7-GT) 
7-Glutamyltranspeptidase has been shown to occur in the distal part of the 
intestine in teleost fish (Ameiurus nebulosus L. and Cyprims carpio L.) where it was 
demonstrated to assume a role in dietary protein absorption via pinocytosis (Fraisse 
et al 1981). 7-GT activity in Spams sarba was not influenced significantly by either 
dietary protein ration or salinity. This would seem to contradict the data obtained 
regarding intestinal trypsin activity. It also conflicts with data reported regarding the 
response of red sea bream {Chrysophrys major) intestinal 7-GT activity in relation to 
dietary protein content (Chung 1987). In this case 7-GT activity is significantly higher 
in fish fed a high protein diet (46%) as opposed to fish fed a low protein diet (30%). 
However the activity of 7-GT, when compared to that of trypsin, appears to be much 
lower and as such may not play such an important role in Spams sarba proteolytic 
function. This may be supported, to a certain extent, by the differences found in the 
activity of 7-GT between catfish {Ameiurus nebulosus) and the carp (Cyprims carpio) 
in that the activity of 7-GT in carp is ten times that of the catfish (Fraisse et al 
1981) suggesting a difference in the importance of the enzyme between the two 
species. Indeed, Austreng (1978) demonstrated that protein digestion in the distal 
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segments of the carnivorous rainbow trout {Oncoryhnchus mykiss) had already reached 
86-87% which would seem to indicate that a proteolytic enzyme located in this part 
of the gastrointestinal tract of a carnivorous fish would have a less important role to 
play than a proteolytic enzyme located anteriorly. In line with this Hofer (1982) 
reported that proteolytic digestion and absorption in juvenile roach {Rutilus rutilus) 
feeding on a meal worm diet took place mainly in the first half of the intestine, 
whereas the same species feeding on grass protein resorbed the material continuously 
during passage along the whole digestive tract. 
5.7.3 a-Amylase 
a-Amylase activity in Sparus sarba appeared to display response to varying 
dietary levels and salinity similar to that of trypsin activity. Although a-amylase 
activity is relatively lower than trypsin activity, it follows the same, significant, 
dietary trend, increasing with increasing protein ration and would also appear to be 
elevated, in many cases, in fish held in 7ppt. A reduction in the concentrations of 
enzymes associated with carbohydrate digestion in response to elevated levels of 
ingested carbohydrates is a response exhibited by rainbow trout {Oncoryhnchus 
mykiss), and it is suggested that carnivores may actually try to repress carbohydrate 
digestion when glucose is available in high quantities (Buddington and Hilton, 1987). 
In the herbivorous grass carp {Ctenopharygodon idella) intestinal amylase activity 
. a p p e a r e d to be more dependant on an omnivorous diet as opposed to a herbivorous 
one (Das and Tripathi, 1991) and Hofer (1979) reported that roach {Rutilus rutilus) 
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displayed higher amylolytic activity when feeding on a diet rich in animal matter as 
opposed to a detritus diet. Salinity would also appear to cause an elevation in a-
amylase activity in 7ppt fish. However, this time it would appear to occur on fewer 
occasions than were present with regard to trypsin activity. Despite this, it still seems 
feasible that the cause of an elevation in intestinal trypsin, as proposed previously, 
may equally be responsible for the observed elevations in a-amylase activity. 
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Chapter 6 Conclusion 
An increase in the dietary protein level, in general, results in an increase in 
the growth rate of Spams sarba. This is true for fish held in SW and 15ppt, but, this 
trend is not apparent in Vppt-adapted fish. S. sarba held in 7ppt, after displaying a 
peak growth rate at 35% dietary protein, displayed growth rates that negatively 
correlated with increasing dietary protein incorporation. This result appears to be due 
to an increased rate of protein catabolism, evident in the form of high levels of 
circulating a-amino acids, enhanced G-6-Pase (gluconeogenic) activity and high serum 
ammonia and ammonia excretion rates. However poor growth rates also appear to be 
linked to salinity, as fish held in 7ppt and fed high protein diets also displayed tissue 
hydration in both the white muscle and liver, increased RSI and possibly a degree of 
haemodilution (evident via reductions in serum C1' and glucose). As such the culture 
of S. sarba in a salinity of 7ppt would not seem to be a beneficial strategy if maximal 
growth is to be attained. If, however, S. sarba were exposed to a low salinity 
environment it would be advisable to supply the fish with low protein rations to avoid 
the wasteful and expensive use of high protein diets. 
Another factor that positively correlates with increasing dietary protein level 
is the digestibility of the diets. In this case, however, dietary digestibility does not 
always seem to be positively correlated with growth rate. This is evident in that 
dietary digestibility, in general, does not differ between SW fish and 15ppt-adapted 
fish, yet the growth rate of 15ppt-adapted fish is considerably better than the growth 
rate of SW fish on nearly all occasions. This would seem to indicate that the fate of 
absorbed nutrients is more important than dietary digestion in determining the growth 
rate of S. sarba. 
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In the present study fish cultured in an isosmotic/intermediate salinity (15ppt) 
undoubtedly grow better than fish cultured in SW and in a salinity of 7ppt (Fig. 4.1, 
Table 4.1). This would appear to arise due to a reduction in the metabolic cost of 
osmoregulation in Spams sarba, which may, in part, be evident via the tendency 
toward a reduction in O2 consumption in a salinity of 15ppt and shifts that occur in 
the direction of PER curves between different salinities. It seems that by reducing the 
metabolic energy requirement of S. sarba via culture in an isosmotic environment, 
dietary protein, which is normally favoured by carnivorous fish as a substrate for 
energy (Hepher, 1988) is being spared for growth in favour of the utilization of 
cheaper nutrient sources, such as carbohydrate or lipid, for energetical purposes. This 
leads to a reduction in ammonia excretion rates exhibited by 15ppt-adapted fish. The 
possibility of lipid utilization for energetical purposes in 15ppt-adapted fish may be 
supported by an apparent reduction in lipid deposition both in the intraperitonial 
cavity and the liver, with white muscle lipid levels remaining relatively normal. 
Circulating serum lipids, in many cases, are found at higher levels in 15ppt-adapted 
fish, than in SW fish which would also seem to indicate that lipids are being utilized 
for energetical purposes to a greater degree in 15ppt-adapted fish. An apparent 
decrease in gluconeogenic activity, via reduced G-6-Pase activity, is coupled with an 
increase in glycolytic activity, via enhanced hexokinase activity. This again indicates 
that protein is being spared, this time in favour of carbohydrate utilization. In line 
with this, serum glucose levels tend to be reasonably low, with regard to dietary 
carbohydrate, in most groups of 15ppt-adapted fish. More specifically, the 
hyperglycaemic response normally induced in S, sarba when fed high levels of dietary 
carbohydrate (low protein diets) does not seem to be present and as no significant 
difference in glycogen deposition (with regard to the liver) occurs between salinities 
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it would seem that carbohydrate is also being used to a greater extent, for energetical 
purposes in 15ppt-adapted fish. Thus at intermediate salinities gluconeogenesis seems 
to have been suppressed in favour of enhanced glycolytic activity, with the hexose 
monophosphate shunt not being significantly affected. 
It is true to say then that by increasing the energy content of a diet supplied 
to fish in SW (or FW) the same outcome would arise. This, however has two main 
drawbacks. (1) Lipid deposition usually occurs to a greater degree in such cases, 
which does not appear to have occurred in Spams sarba cultured in 15ppt (see muscle 
lipid, liver lipid and VSI). This can compromise the market value of the fish (dressing 
price) or reduce consumer acceptability. (2) Increasing the energy content of a 
formulated feed can only be done at the expense of reducing protein content, unless 
a high grade protein is used (such as in purified test diets). If the fish are cultured in 
isosmotic salinities, lower grade protein sources can be used with an incorporation 
of energy rich nutrients, such as lipid or carbohydrate, at more conventional levels, 
which would not be at the expense of lowering the protein content of the diet. This 
would result in diets that are cheaper to produce and fish growth that would be more 
financially viable than fish of the same species cultured in SW (or FW). 
Spams sarba is undoubtedly a euryhaline marine teleost, and has been shown 
to tolerate a wide range of salinities, with its tolerance limit being around 5ppt (Wu 
and Woo, 1983). In this study S. sarba survived for a period of 45 days in a salinity 
of 7ppt without displaying any abnormal activity. Indeed the salinity tolerance of 
many marine teleosts spans a wide range. Wu and Woo (1983) demonstrated that 
twelve species of economically important marine teleost, regardless of natural habitat, 
displayed an ability to survive without obvious signs of stress in salinities down to 
lOppt. Woo and Chung (unpublished) also demonstrated that the emperor angel fish 
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{Pomacanthus imperator), a species of teleost least expected to be euryhaline, 
acclimated to salinities as low as 7ppt for one month, displayed no obvious signs of 
stress. Indeed, P. iinperator held in a salinity of 7ppt, despite displaying a degree of 
body hypomineralization, was clearly hyperosmoregulating as serum electrolyte levels 
were maintained at levels considerably higher than that of the ambient environment. 
It is within this context that Woo and Chung (unpublished) suggest the concepts of 
teleostean steno-Zeurohalinity be reconsidered. Support for this may come in the form 
of branchial Na+-K+-ATPase activity which was found to increase in salinities 
ranging from 7-15ppt. This would indicate that a reversal in the role of this particular 
enzyme occurs as one of the features of adaptation in this species, a feature that has 
been sporadically reported for some other teleosts (Gallis and Bourdichon, 1976; 
Gallis et al., 1979; Doneen, 1981). Ultimately, however, a growing interest in the 
commercial aquaculture of marine fish requires a more thorough understanding of the 
salinity tolerance and the effects of salinity and dietary nutrient interactions on the 
growth of commercially important marine fish so that any metabolic re-organisation, 
whether deliberately or naturally induced, may be exploited to the full. 
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